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BIOLOGISTS IN THE MODERN 
STATE 


URING the war years, the output in Great 

Britain of graduates who had read a biological 
subject to honours standard was comparatively small. 
Nevertheless, during and since the War, there has 
been considerable expansion in the number of research 
posts for biologists ; and. in consequence, for some 
years it has been comparatively easy for graduates 
to find suitable posts. A recent survey, however, 
makes it clear that the supply of graduates in biology 
may soon outstrip the number of posts available. and 
that this may also be the case in certain branches of 
agriculture*. The total estimated demands for pro- 
fessional biologists in the period 1950-54 total 2.493, 
as compared with an estimated output of 3,423 
graduates over the same period. The vacancies 
expected to occur are as follow: teaching staff in 
schools, 1.200 ; government departments and public 
services at home, 512; teaching staff at universities, 
396; government departments and public services 
overseas, 227; commercial firms, 143; and research 
associations. 15. The total output of 3,423 biologists 
includes all those expected to take an honours degree 
in botany, zoology or physiology (totalling 2,635) and 
those taking an ordinary, pass or general degree with 
at least two of these subjects to fiaal stage (totalling 
788). If the planned production of graduates is not 
modified, there would, it appears, be about nine 
hundred graduates for whom employment as pro- 
fessional biologists will not be available. 

While the position is not so clear with regard to 
agriculture and allied sciences, there does appear to 
be a considerable risk that more students will be 
completing courses at universities and agricultural 
colleges than there will be posts available. 

Parallel with this over-production of qualified 
biologists, it is noteworthy that the supply of persons 
capable of filling the most important posts in biology 
will, in many fields, probably always be inadequate. 
It also seems probable that the number of research 
posts available will be at least equal to the number 
of graduates who. by ability and character, are suited 
to a research career. Those who, after obtaining a 
first- or second-class honours degree, proceed to a 
postgraduate course, are likely to find it compara- 
tively easy to obtain suitable positions; indeed, in 
some branches of biology there may be a continuing 
shortage of graduates who have adequate post- 
graduate training. 

Graduates in botany, physiology and zoology with 
first- or good second-class honours degrees who do 
not specialize have also re»sonably satisfactory 
prospects. The demand for botanists will be some- 
what greater than for zoologists. 

But the estimated number ot graduates in biology 
with pass or general degrees greatly exceeds the 
estimated number of openings for which such quali- 
fications are acceptable. It is surprising, however, to 
find that, of such openings, only a very small pro- 


* Ministry of Labour and National Service : Technical and Scientifie 
Register. Present and Future Supply and Demand for Persons with 
Professional Qualifications in Biology, Agriculture and related Sciences. 
Pp. 24. (Londun: H.M. Stationery Oifive, 1950.) 6d. net. 
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portion are administrative, executive or managerial 
in nature. 

In view of these facts, it seems evident that 
university departments might be advised not to 
admit students to honours degree courses who are 
unlikely to obtain a ‘first’ or a good ‘second’. Further- 
more, where possible, students should read either 
physics or-chemistry in addition to a biological 
subject. These considerations suggest that the 
standards for admission to biological departments 
should probably be raised slightly, and students 
should be encouraged to read one biological science 
and one physical science, rather than two biological 
sciences, to honours standard. There is also a need 
for increased facilities for postgraduate courses in 
biology. 

However, the fact that there will be more graduates 
in biology than there will be posts for professional 
biologists is in itself to be welcomed, for at least two 
major reasons. In the first place, the purpose of 
universities is to provide an education at the highest 
level; _ it not to provide purely professional 
training. Professional biologists should, of course, in 
the main be recruited from those who have read a 
biological subject at a university. But on the other 
hand, not all those who study biology are suited, 
either by ability or temperament, to become pro- 
fessional biologists (either as teachers or research 
workers). Consequently, if misfits are to be avoided, 
it is necessary that more students should read 
biological subjects than there will be posts available. 
In the second place, it is desirable from the point of 
community that there should be men 
and women with a knowledge of science and its 
discipline in a wide variety of administrative and 
executive posts, both in government and in private 
employ. It is well known that at present British 
science can compete very readily with American 
science in the field of pure research ; but that in the 
field of applied science we have serious inadequacies. 
While this may in part be due to the relative small- 
ness of the home market in Great Britain, and at the 
present time to the discouraging effect of high 
taxation on the display of initiative, there are strong 
grounds for believing that a large part of our diffi- 
culties arise from the paucity of ‘science’ men and 
women in key administrative positions. In the 
United States, the wide distribution of trained people 
with a scientific background greatly facilitates the 
evaluaticn of possibilities and risks in applying new 
discoveries, and assures the maximum opportunity 
for assessing the right time and place for development 
work. In Britain, opportunities for application of 
science to industry are frequently lost, simply because 
relatively few scientifically trained individuals are 
available in administrative posts. The results of this 
paucity of scientifically trained people in adminis- 
tration greatly hamper our economic progress, and 
also, from time to time, lead to costly and ignominious 
failures caused by the activities of administrators 
who, fired by the obvious achievements of science in 
some fields, are misled into supposing that enthusiasm 
and good intentions can lead to rapid progress in any 
field. The outstanding example of this is the ground- 
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nuts scheme in East Africa; there is no doubt that 
had the decisions in connexion with this scheme been 
taken by a panel of scientific men, we should now 
be gathering the results of a series of useful experi- 
ments instead of a costly failure. 

There are probably many fields other than those 
already mentioned in which biologists could usefully 
be employed. For example, one can predict that if 
a survey were made of the activities of heads of 
departments in government and university labor- 
atories, it would be revealed that a very high 
proportion of our best experimental and theoreticul 
men of science have such a body of routine adminis- 
tration and paper work as to be virtually sterilized 
as creative workers. The appointment of scientifically 
trained administrative assistants in such cases might 
well be much better for the progress of science than 
the present more common policy of providing 
scientific assistants. 

Finally, in considering how many biologists we 
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require, it is necessary to consider our strategic 

position if biological warfare should break out. At 

present we are exploring only the fringes of biology : 

consequently the only certainty about biological 

warfare is that it would be filled with surprises. To 

cope with the problems involved we need a reservoir 

of microbiologists, biochemists, biophysicists and 

cell physiologists. One of the characteristics of this 

age of planning appears to be to plan to make pro- | 
duction equal to current demand, and thus have no | 
reserves for emergencies. It is to be hoped that a 

wiser policy will prevail in the field of production of 

scientific workers trained in biology. 


HIGH-PRESSURE PHYSICS OF OIL 
AND OTHER FLUIDS 


Physical Principles of Oil Production 
By Dr. Morris Muskat. (International Series in Pure 
and Applied Physics.) Pp. xv+922. (New York and 
London: McGraw-Hill Book Co., Ine., 1949.) 
127s. 6d. 
[’ is just ninety years since the first oil well was 
drilled. It struck oil at 69 ft. ; in 1949 the deepest 
boring reached 20,521 ft., and the deepest developed 
oil production was from 15,530 ft. In this inter 
vening period the cumulative experience of oi! 
discovery methods and of oil production has been on 
a vast scale, and gradually the man of science and 
trained engineer have taken over from the ‘old-timer’! 
his control of all technical aspects of the industry.| 
This book by Dr. M. Muskat demonstrates admirably 
the extent to which physical principles are intimately) 
involved in the manifold problems arising out of 
oil-field practice. 

The general nature of oil reservoirs, their porosity |) 
permeability and structure are described briefly as 
an introduction to a more important analysis of the) 
physical properties of petroleum fluids. As deeper 
levels of oil production have been developed, many 
unexpected problems have arisen concerning th¢ 
mutual solubility of hydrocarbon gases and liquids) 
under conditions of high temperature and pressure! 
In shallow oil-fields where there is gas in excess of 
that which can be held in solution in the oil, a a < 
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is formed in the reservoir above the oil, the gas 
being dominantly methane ; but in deeper fields, by 
reason of higher temperature and pressure, the gas 
may contain important amounts of heavier hydro- 
carbons which can be produced as ‘condensate’. In 
contrast to crude oil, this is a colourless or straw- 
coloured liquid, but developed from a hydrocarbon 
mixture that is in a single or dew-point gas phase 
under reservoir conditions. Such a phase trans- 
formation may take place within the reservoir as a 
result of pressure decline, by a process of isothermal 
retrograde condensation; but in a well and in 
surface separators, the liquid-phase recovery results 
from a simultaneous decline of both temperature and 
pressure. In order to maintain reservoir-pressure and 
prevent condensate forming in the reservoir, the dry 
gas after separation is pumped back against the 
reservoir pressure, which may be as much as 5,000 
or exceptionally up to 10,000 lb. per sq. in. This 
process is known as cycling. 

Production of condensate oil-fields necessitates a 
thorough understanding of the complex physical 
characteristics of hydrocarbon systems and their 
volumetric and phase behaviour. Dr. Muskat 
deseribes such problems as the deviation from 
Boyle’s and Charles’s laws of pure hydrocarbon 
gases, the phase behaviour of binary and multi- 
component systems, and the circumstances which 
govern the principle of retrograde condensation. 
From this he passes on to the more practical aspects 
of oil production from a physical point of view—the 
dynamics of fluid flow under various conditions of 
permeability, including capillary phenomena and 
general reservoir mechanics for both liquid and gas. 
Secondary recovery is another new technique whereby 
oil production is increased from a reservoir by 
injecting water or gas and so driving the oil towards 
producing-wells more actively than occurs by simple 
production. It is interesting to consider the applica- 
tion which oil-field technique might have for water- 
reservoir problems; for example, there are many 
cases in Great Britain where artificial replenishment 
in the winter of water reservoirs might go some way 
towards easing the water supply difficulty. 

Dr. Muskat’s book can be recommended as a most 
valuable contribution in its specialized field; but, in 
addition, it should be an important source of 
information to workers in the field of the physics of 
liquids and gases under conditions of high pressure 
and temperature. Its high price is a handicap. 
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teins DEFINITION 


By Richard Robinson. Pp. viii+208. (Oxford : 
Clarendon Press ; London: Oxford University Press, 
1950.) 15s. net. 
\ J ELL over two thousand years have come and 
gone without producing anything approaching 
agreement among scholars on the fundamental subject 
of definition. This is not altogether remarkable when 
a serious attempt is made to survey the problem in 
detail. It is mainly the numerous efforts to see 
definition ‘in the round’ which give an impression of 
much waste of time, accompanied by mental frus- 
tration. This book is one which stands out by reason 
of its profundity and of its. structure. Just how this 
is so may become clearer as we proceed. 
Before getting to grips with technique, there is a 
general point to be observed. It is that the science 
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of signs—whatever it may be called, or in what way 
soever it may be circumscribed as convenience may 
dictate—shares with physics to some extent the 
conflict between philosophical (or metaphysical) truth, 
and metrical or observational truth. The former is 
usually said to be static, the latter in constant flux. 
So it is with the elements of definition. Aristotle and 
Cicero held that definition should be brief, and Mr. R. 
Robinson remarks that this view is strongly en- 
trenched in human nature. But this is akin to the 
metaphysical view of science—the common-sense 
attitude or short-cut. In brief, the desire is for some- 
thing acceptable to normal intelligence and traditional 
thought. Over against this stands any degree of 
refinement that the context may suggest or indeed 
ratiocination require. In some respects, the most 
exacting cases occur in mathematics, partly because 
several of the experts, including Pascal (for geo- 
metry), assert firmly that their interest in the question 
is wholly one of abbreviation, and nothing else. In 
other words, for them it is solely a matter of con- 
venience ; in theory they could jettison the entire 
‘cargo’, and still keep afloat. 

Mr. Robinson will have none of this. Thus the 
sign 2 of symbolic logic has no meaning whatever 
before it has been defined, whereas the word ‘implies’ 
in ‘p implies g’ (and so on) means something before- 
hand, and will go on meaning it afterwards. In 
following this up, Mr. Robinson produces ‘“‘five or 
six’? types of definition characteristic of mathe- 
matical systems, and the reader will naturally be: 
intrigued to find out why such an element of doubt 
should exist. The situation is approximately as 
follows. The sixth may be a misnomer in that it may 
reduce to one of the other five, or it may not. In 
the latter event, it is a true species of definition. For 
the example given (a set of collinear points satisfying 
a certain condition), the discriminant would seem to 
rest upon the particularization of a certain class K. 
With great diffidence, I make the tentative sug- 
gestion here and now that such a concept is all that 
is needed by Dubislav for his “coupling”? (and the 
process is certainly a misnomer), but that this is not 
necessarily so for Koch’s “‘correlates’’, in which case 
we have indeed a new (and sixth) kind of definition. 
Manifestly, this proposal snaps the thread which 
binds ‘‘couplings” and “correlates”? together as in 
some way equivalent. This may be asking too much ; 
others far better qualified than myself must count 
the cost, if necessary. 

These most interesting items have been noticed 
first (although in the book they occur last), because, 
as already remarked, it is the profundity of this 
volume which is striking, and this property is well 
illustrated by them. However, we are told that these 
pages have been written for the general reader, who- 
ever he may be. With all due respect to him, it 
will not be a little surprising if he manages to reap 
even adequately where Mr. Robinson has sown so 
bountifully. 

We now come to the structure of this distinguished 
work. In discussing the types of definition (word- 
thing, lexical, stipulative, real), the author clearly 
differentiates “‘purpose”’ from ‘‘method’’, and clarifies 
the main causes of error with which this discipline 
has often been afflicted. He also deals charmingly 
with the xsthetic aspect. Definitions, he believes, 
shouid be beautiful, like other activities of brain and 
hand ; and so they should. Yet it is disquieting to 
find that John Stuart Mill, in listing his emphatic 
refusal to admit that proper names are definable 
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(because they are meaningless), used the three words, 
“A definition, what”; surely about as ugly a caption 
as can well be imagined. So there is missionary work 
still to be done. 

As a pendant to his lexical class, Mr. Robinson 
offers a short account of the concept of ineffability. 
This is most welcome, and should be especially so to 
the theologians, some of whom have occasionally 
been a little intemperate in their use of it. But not 
only they :* the old lady who repeated the magic 
word ‘Mesopotamia’ at frequent intervals during 
the First World War did so, it is commonly held, 
because “‘it made her feel so good”. That was indeed 
ineffable. F. I. G. Raw ins 


A NEW THEORY OF PROBABILITY 


Probability and the Weighing of Evidence 
By Dr. I. J. Good. Pp. viii+119. (London: Charles 
Griffin and Co., Ltd:, 1950.) 16s. net. 


HE publication of this book results in the 

addition of yet another theory of probability to 
the large number that already exist. The new theory 
is intended to cover the field of those mental pheno- 
mena called ‘degrees of belief’. It consists of three 
parts : an abstract theory developed, by means of the 
tools of mathematical analysis, from a small number 
of axioms; rules for the application of this theory ; 
and finally, some “suggestions”. It need scarcely be 
mentioned that the axiomatic part of this theory is 
the same as in most other theories: the axioms 
themselves differ from those used by Prof. H. Jeffreys, 
for example, but the calculus developed is the same. 
It is not in the mathematics, but in the interpretation 
of the mathematics, that difficulties and disagree- 
ments arise. It is here that the rules of application 
are of importance, and it is to the author's credit 
that these are clearly stated. According to Dr. I. J. 
Good the purpose of his theory is, starting from a 
body of beliefs, to enlarge it. The main rule is that 
beliefs can be compared in the same way as the 
probabilities in the calculus. This leads to a develop- 
ment similar to that of Prof. Jeffreys; but, whereas 
in Jeffreys’s development it is not always clear how 
the prior probability is to be obtained, Dr. Good is 
always clear on this point. Prof. Jeffreys’s latest 
suggestion is a very interesting criterion of invariance ; 
but this is apparently to be discarded in dealing with 
scale and location parameters, for example. The 
final section of Dr. Good’s trilogy, the “‘suggestions”’, 
contains techniques which are liable to affect one’s 
initial body of beliefs without directly using the 
theory. These are often vague and have never the 
same precision as the axioms and the rules: this is 
inevitable. This trichotomy would be possible for 
any theory, not merely of probability. The rules and 
suggestions are omitted by most authors, presumably 
because there is general agreement as to what they 
are, and there is no calculus developed from them 
comparable with that obtained from the axioms ; 
nevertheless it is an aid to clarity when they are 
stated. 

The theory, in common with others based on the 
notion of ‘degrees of belief’, has a wide field of 
application—from making a decision in a murder 
trial to testing whether the mean of a normal popula- 
tion is zero. This is in contrast to the frequency 
theories of probability which only claim to deal with 
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those phenomena involving an element of repeti- 
tion in similar circumstances. The supporter of 
the first type of theory—I shall use the term, a non- 
frequentist—would say the frequentist is confining 
himself to a special case of probability, namely, a 
chance. (I use the terminology of Dr. Good here.) 
There is a marked divergence between the points of 
view of frequentist and non-frequentist : for example, 
the latter would say the mean of a normal population 
had itself a distribution, whereas the frequentist 
would deny this in many cases, saying that it is some 
fixed number without a distribution. (There are some 
cases—as in mass production—where the mean has 
a distribution which the frequentist would admit.) 
These divergences result in very different calculations 
within the abstract theory that they have in common. 
Dr. Good’s theory seems to make no headway in 
resolving this difference; in fact, to me, an ardent 
frequentist, it seems that he has revealed, by his 
always clear statements of his position, the difficulties 
in his argument. The justification of the calculus 
rests entirely on frequency considerations—without 
these it would never have come into being—and to 
use this calculus in situations which are not easily 
capable of a frequency interpretation seems a majo: 
assumption which needs careful justification. It is 
certainly not justified in this book ; indeed, one of the 
appendixes is devoted to showing how one of the 
axioms, the product rule, suggested by a frequency 
argument, is to a certain extent arbitrary. It is there 
shown that certain monotone functions of the prob- 
ability would have the same properties as degree of 
belief but would not necessarily satisfy the product 
rule. The frequentist has no such difficulty. 
knows that it is the limit of the frequency ratio, and 
not some monotone function of it, that obeys the 
product law. The author, it is true, shows how the 
axioms originated by considering equally probable 
cases (as in the throw of a die) and avoiding frequency 
arguments, but he does not explain how the judgment 
of which cases are equally probable has been incor- 
porated into his initial body of beliefs. Without a 
frequency argument, it is not clear how this is to be 


done. 


The first chapter of the book contains a discussion 
of other theories of probability. Among them appears 
one described as “definition by point-set theory’’, 
first used by Kolmogoroff'. This is surprising, since 
only thé abstract theory is given in this excellent 
littie book, and the application to inference problems 
is never discussed. Kolmogoroff’s method is used as 
the basis of their inferential theories by nearly all 
statisticians, by the simple device of considering a 
class of measures instead of a single measure, but 
this aspect is never mentioned by Kolmogoroff, or by 
Cramé¢r_ in the other reference given. It is therefore | 
difficult to see how this can be described as a prob- | 
ability theory, using the author’s concept of what a 
probability ought to do; at best it is only a chance. 

One of the inferential methods put forward by a 
statistician is that of Wald*. This is based on Kolmo- 
goroff’s set theory ideas, the new feature being the 
introduction of a ‘risk function’ which measures the 
risk associated with any wrong decision. This theory 
is never discussed by Dr. Good, which is a pity, but 
the notion of risk is considered by him under the 
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name of utility. On several occasions he mentions ; 
the need for considerations of utility, but it does not | 
come into the calculations explicitly ; indeed, it only 
appears among the ‘suggestions’, as a vague idea. | 
This seems curious, since on very many occasions the 
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idea of utility or risk is much more precise than one’s 
beliefs. Any theory of probability is used in order to 
decide on a course of action, and it would surely be 
desirable that the consequences of each action be to 
the fore in any arguments used. For example, the 
sume results will be capable of different interpretations 
according to the relative utilities of the different 
actions. Statisticians often try to hide this fact but 
it is always there, usually expressed in the form of 
the significance-level used. The omission of such 
considerations seems to be a flaw of all theories based 
on ‘degrees of belief’. The experimentalist is usually 
not interested in the ‘degrees of belief’ he has in 
different hypotheses, but in the consequence of 
holding any belief. The frequentist and non-frequent- 
ist may argue whether prior probabilities should be 
used, but surely both should consider the risks, or 
utilities, as well. The relegation, by the author, of these 
notions to the ‘suggestions’ therefore seems misplaced. 
The book, the author remarks, may be considered 
from the philosophical, mathematical or statistical 
points of view. It is not for me to make any remarks 
about the first aspect of the theory, beyond those 
already made. The mathematical development is not 
complete ; it does not pretend to be. Nor is it always 
rigorous, but this is perhaps excusable since a com- 
plete development is available elsewhere, and its 
inclusion here would only divert attention from the 
new ideas the author wishes to put forward. The 
statistical comments are always stimulating, and, 
although I would not advocate or use the author’s 
method, it must be admitted that many of the methods 
commonly used, as, for example, the x? test, are not 
based on any very clear foundation and are open to 
l-gitimate criticism. There is an excellent summary 
of the theory, by the author himself, in the discussion 
of a paper by Barnard’. D. V. LiInDLEY 
'“Grundbegriffe der Wahrscheinlichkeitsrechnung”’ = 
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English translation by N. Morrison (Chelsea, N.Y., 1956 
Statistical Decision Functions” (Wiley and Sons, New York, 1950). 


/. Roy. Stat. Soc., B, 9, 140 (1949). 


FOURIER TRANSFORMS MADE 
EASY 


Tables of the Function sin 9/p and of its First 
Eleven Derivatives 

By the Staff of the Computation Laboratory. (Annals 

of the Computation Laboratory of Harvard Univer- 

sity, Vol. 22.) Pp. xviii+241. (Cambridge, Mass. : 

H{arvard University Press ; London: Oxford Univer- 

sity Press, 1949.) 63s. net. 


’T“HESE Tables were computed at the request of 
the United States Air Force, for use in con- 
nexion with research on microwave radiation prob- 
lems. They will be found specially useful in a large 
class of problems—radiation, diffraction and statistics 
are mentioned in an excellent section of the intro- 
duetion written by Dr. Roy Spencer—where Fourier 
transforms of functions defined over a finite range, 
and zero elsewhere, are used and where numerical 
results are desired. This is due to the fact that 
in @/p is the Fourier transform of a function which 
is unity in the range between —1 and +1, and zero 
elsewhere. Moreover, if the function can be expressed 
‘is @ polynomial, its Fourier transform involves 
sin 9/p and its derivatives; while if the function is 
expressed as a Fourier series, its Fourier transform 
involves values of sin 9/p at intervals of = in 9. 
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The Tables give values of the function g(9) = 
sin 9/9 and its first eleven derivatives to nine decimals. 
The argument is in degrees, and the interval is 0-5°. 
The range is from 0° to 3,599-5°. The twelve values 
corresponding to any argument are given at a single 
opening, and the argument is for convenience repeated 
on the right of the right-hand page ; each page con- 
tains thirty arguments. All zeros, decimal points 
and minus signs are repeated ; this makes the pages 
rather heavy, and may be somewhat fatiguing in 
use ; but presumably it would have been difficult to 
order the automatic machine, which computed these 
values and printed its results, to suppress them. 
Interpolation, when necessary, will most conveniently 
be done by Taylor series, and coeflicients for con- 
verting the several terms of this series from the 
degrees of the argument 9 to radians are given in 
the introduction. 

The Tables were computed on the, by now well- 
known, Harvard machine, and a brief outline of the 
methods is given in the first section of the introduc- 
tion. The existence of a very simple relation between 
successive derivatives made this computation ideally 
suited to the special aptitudes of this machine. 

These Tables give more decimals, smaller interval, 
greater range, or higher derivatives, than any others 
of the same functions hitherto published. It is certain 
that their usefulness will extend to many fields of 
study and research additional to those already 
mentioned. W. G. BICcKLEY 


ASPECTS OF LUMINESCENCE 


Luminescent Materials 

By G. F. J. Garlick. (Monographs on the Physics 
and Chemistry of Materials.) Pp. viii+254. (Oxford : 
Clarendon Press ; London: Oxford University Press, 
1949.) 21s. net. 


DOZEN years ago or so the ideas of Wilson on 

semi-conductors and the growing realization 
that the luminescence of solids was probably another 
part of the same wood led Johnson, Seitz and others 
to apply the electron energy-band model to the 
problem. At about the same time, J. T. Randall 
entered the field already armed with an extensive 
experience of the ‘cookery’ of the luminescent 
materials demanded with increasing insistence by the 
development of fluorescent lighting and of television. 
Developing the Urbach thermo-luminescent experi- 
ments along with studies of decay-rates, Randall 
fashioned a powerful weapon for investigating the 
mechanism of phosphorescence. 

It is not surprising, therefore, that Dr. Garlick, 
joining the team at Birmingham a little later, should 
have become fired with enthusiasm for the new 
technique and the implications of its findings, or that 
his preoccupation with these aspects of the subject 
should be manifest in this book. 

The breezy confidence with which it is written 
makes for lively reading, but, while bringing down 
appreciable fruits here and there, leads sometimes to 
rather forthright assertions with which other workers 
will not entirely agree. It is, for example, somewhat 
rash to suggest that luminescence is a property of 
comparatively few solids and liquids, or that few 
solids can be said to be luminescent in the pure state. 
The energy-band model suggests that activating 
impurities provide possibilities of absorption and 
emission to and from energy-levels which do not 
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exist in the ideal crystal. But it is becoming probable 
that impurities are only one means of producing such 
effects. Further, it may be, as Garlick states, generally 
assumed that, except in the case of manganese (in 
zine sulphide phosphors), the activator occupies 
interstitial positions in the crystal lattice; but there 
is little evidence for it. Nor can it be agreed that by 
the use of the energy-band model good agreement, 
often of a quantitative nature, is obtained between 
experimental and theoretical studies. The model, at 
least as much as industrial requirements, has indeed 
stimulated investigations, but it has not yet provided 
satisfactory quantitative explanations. Its very 
attractiveness and fertility has led to a bewildering 
variety of plausible mechanisms. 

{t is now being recognized that a new approach is 
needed, and it is interesting to see that some of the 
work of Garlick and his colleagues is leading them 
back to a conception of the luminescent centre as a 
large complex containing the metastable levels 
associated with phosphorescence—a conception 
(though the author appears to be unaware of this) 
put forward some twenty years ago. 

Within the chosen limits of selection, the book does 
provide a clear account of those parts of the subject 
in which the author is most interested—thermo- 
luminescence, decay-rates and some possible mechan- 
isms of phosphorescence. In the excellent survey of 
classes of luminescent materials, it is unfortunate 
that space could not have been found for the highly 
significant studies of Kréger and his associates, and 
of A. L. Smith on the effects of fluxes, and that 
Pringsheim’s work on thallium-activated halides is 
dismissed so briefly. 

The chapters on the electrical properties of phos- 
phors and on infra-red effects are most welcome, since 
they collect, for the first time, many scattered experi- 
mental results, while those on cathodoluminescence 
and on organic molecules provide an up-to-date if 
brief survey of some recent work. 

Altogether this is a book to be read with profit by 
all who are interested in recent developments and 
prospects in this puzzling and fascinating field. 

J. Ewes 


PHYSICS AND PHYSICAL 
CHEMISTRY IN BRIEF 


Physics in Chemical Industry 
By Dr. R. C. L. Bosworth. Pp. xix+928. (London : 
Macmillan and Co., Ltd., 1950.) 70s. net. 


N view of the fact that engineering may be regarded 

as applied physics, it seems strange that many 
engineers in Great Britain do not include in their 
training any physics beyond the _ intermediate 
standard. Chemical engineers, who must needs study 
physical chemistry, are somewhat better equipped, 
since physical chemistry and pure physics have many 
points in common; but students of both categories 
may well find on completion of their training wide 
gaps in fundamental knowledge which, one day, they 
may regret. 

The appearance of a volume entitled “‘Physics in 
Chemical Industry”’’ consequently aroused high hopes 
that the author had investigated the weaknesses of 
chemists and engineers engaged in industry and had 
written helpful articles to which reference might be 
made in case of need. Alas! this is not the case, 
unless the writer considers that industrial scientists 
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are in a state of abysmal ignorance. In the space of 
700 pages he has endeavoured to cover a good deal 
of mathematics, the whole of physical chemistry, the 
properties of matter, heat and electricity, the latter 
in 28 pages under the title of “The Diffusion of 
Electric Charge”, and a few shreds of chemical 
engineering. The result is a mixture of brief notes 
on subjects with which the average scientific worker 
is well acquainted, and somewhat more advanced 
articles which can be followed by those familiar with 
the special branch concerned. Several of the latter, 
particularly those of a mathematical type, are good : 
but it is doubtful if they could be absorbed by a 
student to whom the subject was new. One of the 
most perplexing things about the volume is th¢ 
phrase in the title “tin chemical industry”. It is true 
that most of the subjects treated, if not all, are of 
vital importance to industry, but the gap between 
pure science and its application is not to be bridged 
by saying that such and such a theory is useful in 
industry or by uninformative illustrations of com 
mercial instruments. For example, a brief but lucid 
exposition of some of the mathematics of vibration 
is followed by a very superficial account of a centri- 
fugal machine, and no attempt is made to show how 
the equations just developed can be used to obtain 
quantitative figures for its performance. Those 
engaged in teaching are well aware that very few 
science and engineering students realize spontaneously 
the practical value of pure mathematics and formal 
physics ; many of them are frankly bored by these 
subjects, and it is not until they have been shown 
how fundamental science can be used, by means of 
numerous examples carefully explained, that they 
start to take a real interest. The author states that 
his object in writing the book was to foster a closer 
relation between science and industry, but it is to be 
feared that his undoubted enthusiasm for pure 
science has relegated industry to the background. 

The last 200 pages, entitled “Scientific Instru 
ments’’, is of an entirely different character from the 
first part of the book. It is possibly intended for the 
“practical man” mentioned in the preface, as it 
deals with scientific instruments and measurements 
mostly in an elementary manner, but yet explaining 
the underlying theory and indicating sources of error. 
The ‘“‘practical man’ might, it is feared, be deterred 
from reading the section on controlling instruments 
by the definitions of controls in terms of Heaviside 
functions and, indeed, the whole of this section, 
owing to over-compression, is hard to follow and the 
nomenclature recently agreed upon is not adhered 
to. The other sections are fairly comprehensive and 
should be of considerable value, the best perhaps 
being that on temperature measurement. 

It is remarkable to find in a work of this description 
no more than casual reference to electronic valves 
and circuits, the mass spectrometer, infra-red absorp- 
tion, photoelasticity or modern theories of creep, to 
mention only a few items commonly used in industry 
perhaps without a full understanding of the principles 
involved. A possible explanation is that the book 
appears to have been completed in 1942, a few 
references being added afterwards, and that the 
subjects mentioned had not then assumed their 
present importance. It is evident that an immense 
amount of thought and care has been expended in 
producing this volume. Is it too much to ask for a 
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revised edition with at least half of the subject-matter 


omitted and the remainder carefully co-ordinated 
with industrial applications ? H. E. Watson 
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THERMODYNAMICS OF MUSCLE* 
By Pror. A. V. HILL, C.H., F.R.S. 


USCLE thermodynamics is concerned with 
1 transformations of work, heat and chemical 
energy under conditions which are effectively iso- 
thermal. The possibility that muscle is a heat engine, 
working by differences of temperature as in a Carnot 
cycle, is precluded by the fact that 40 per cent of the 
energy released in the initial process may appear as 
mechanical work ; which would require temperature 
differences of hundreds of degrees between points so 
close together that they would be dissipated by 
conduction in fractions of a microsecond. In muscle, 
heat appears simply as a by-product, of no more 
funetional significance than the heat produced or 
absorbed when an electric battery is discharged ; to 
the physiologist a valuable index of activity, but 
without any role of its own, except the secondary 
one (in some animals) of maintaining the body 
mperature. 

With mechanical work the situation is the opposite ; 
the primary function of muscle is to do work. It is 
true that muscles have a second important function, 

) resist external or internal force, and to maintain 

sture. But in order to develop a force a skeletal 
muscle must first do substantial work in stretching 
its tendons. That work is greater, the longer and more 
compliant the elastic element in series with the con- 
tractile one. When the work is completed, the tension 
is maintained with a rate of expenditure of energy 
proportional to the intrinsic speed of the muscle. 

There is no evidence that heat and mechanical 

ork are derived from any source other than the 
energy of chemical reaction : indeed, it is difficult to 
imagine any other source of sufficient magnitude. It 

true that electrical potential differences of the 
rder of 0-1 volt exist across surfaces in muscle ; but 
he energy liberated even in a single muscle twitch 
vould require the discharge of a condenser of several 
million microfarads per gram of muscle—which is 
fantastic. Or again, considerable differences of con- 
centration, particularly of potassium ions, exist 
between muscle fibres and interspaces ; but if these 
were employed osmotically for doing external mech- 
inical work, the muscle would absorb heat during 
contraction—when, in fact, it produces it. If, then, we 
vecept the conclusion that chemical energy is the 
source of work and heat, can we gain any knowledge 
if the actual chemical change involved, from the 
ratio of work to total energy? Unfortunately, very 
little, for the free energy of most of the breakdowns 
known, or suspected, to occur in muscle is not far 
from the total energy; the free energy, in fact, is 
more than sufficient to take care of the work. Can 
we proceed by direct chemical analysis ? Here we 
ire limited by the smallness and speed of the changes 
involved. The fundamental unit of muscular response 
is the single twitch, and the energy liberated in a 
twitch corresponds only to a few micrograms of 
chemical change, and this is completed in fractions 
f a second. Why not multiply the chemical change 
by repeating the stimulus many times? That, in 
fact, is the usual method. But if we do, all the 
processes get mixed up—contraction, relaxation and 
the early stages of recovery—and we cannot be sure 
either that the changes detected really took place 


* Substance of a paper opening a discussion at the International 
Congress of Physiology, Copenhagen, on August 15, 1950. 


during contraction proper, or that those which did 
take place have not been reversed by the time the 
series of stimuli is complete. 

The functions of biophysics and biochemistry are 
complementary. Many of the techniques of biophysics 
are very sensitive and rapid, and can cope adequately 
with the quantities and times involved in rapid 
biological reactions. Chemically, however, they are 
generally quite unspecific: and we cannot under- 
stand a biological mechanism apart from its chem- 
istry. Biochemical methods, on the other hand, 
although specific, are usually slow and insensitive ; 
and generally they require the destruction of the 
tissue, so they cannot be used to follow the individual 
process continuously. Somehow the results of bio- 
physical and biochemical methods must be brought 
together. An attempt must be made, on one hand, 
to give greater chemical specificity to biophysical 
methods, on the other hand to make biochemical 
methods more sensitive and rapid. One method of 
biochemistry is to break down the living material 
into its constituent chemical parts, taking every 
possible precaution that they are not irretrievably 
altered in so doing; then to try to bring them 
together functionally so as to imitate the living 
process. This method can be valuable provided that 
the models so constructed do not deviate too far in 
behaviour from their living counterparts. If, for 
example, a non-living fibre can be made to shorten 
and do work when brought into contact with a 
chemical agent, the physiologist naturally asks such 
questions as these: whether it will lengthen again 
when the chemical agent is removed; whether the 
heat of shortening is positive or negative ; whether 
the work done and the heat set free are derived from 
the energy of a known chemical change ; whether the 
contracted condition is really a steady state main- 
tained by a continual flux of energy ; whether the 
reactions of the model to stretch or release are 
similar to those of real muscle; how the speeds 
compare in model and muscle. The answers to such 
questions determine whether the model is so far 
adequate or not. In this discussion, therefore, 
perhaps the most useful contribution I can make will 
be to set out the main facts of the energetics of living 
muscle, in order to provide a yardstick and a pattern 
with which chemical models can be compared. 

The indivisible unit of muscular contraction is the 
twitch produced by a single shock. It involves three 
separate events: (1) a very sudden onset of the 
active state, during which a muscle can exert a force, 
or shorten and do mechanical work, (2) a gradual 
disappearance of the active state, known as relaxa- 
tion, and (3) a slow recovery process lasting for a 
long time after. A short tetanic contraction is similar 
to a twitch. During a long tetanus, however, a single 
process becomes dominant, that by which the con- 
traction is maintained ; and this obscures the much 
more interesting events in which the active state is 
set up and later dissipated, in which shortening occurs 
and work is done. Moreover, a long tetanus runs into 
the early stages of recovery and so causes confusion 
in the attempt to resolve chemical events. 

Consider first the energetics of recovery. When 
a muscle contracts, it produces heat and mechanical 
work at the expense of chemical change. A recovery 
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process then sets in, which in the presence of oxygen 
runs to completion, the final result being that the 
original chemical state is fully restored apart from a 
certain amount of material oxidized. The heat given 
out in recovery is about equal to the initial (heat + 
work), and the chemical processes which provided 
the original (heat work) are reversed. Hence the 
total energy provided by oxidation is twice the initial 
(heat + work). In the absence of oxygen, only the 
earlier chemical processes of recovery occur ; the later 
ones do not, the chief remaining effect being, then, the 
production of lactic acid. The chemistry of recovery 
is much easier to investigate than that of contraction 
and relaxation—for two reasons, (1) because of its 
slowness and (2) because there is less risk of confusion 
in using longer stimuli in order to get larger chemical 
quantities to estimate. 

The chief contribution of energetics is related to 
the processes of contraction and relaxation, during a 
single twitch or a short tetanus. Of the chemical 
changes involved in those early processes, direct and 
specific evidence is lacking. The formation of lactic 
acid occurs after contraction is ended, as a stage of 
recovery. The hydrolysis of creatine phosphate is 
earlier; but whether any of it occurs during the 
primary processes of contraction and relaxation is not 
certain ; it may be merely an earlier stage of recovery. 
The breakdown of adenosinetriphosphate is fre- 
quently stated to provide the energy for contraction : 
but this is inference, not observation, and in previous 
eras lactic acid and creatine phosphate were, each in 
turn, allotted that honourable role. Direct experi- 
ment hitherto has revealed no recognizable chemical 
change during the rapidly reversed cycle of con- 
traction and relaxation. The breakdown of adenosine- 
triphosphate may well provide the missing link, but 
this remains to be proved. That chemical change 
does occur seems certain for three reasons: (1) heat 
is produced and work is done; (2) there are altera- 
tions of pH ; and (3) a slight volume constriction is 
found to have occurred by the time that relaxation 
is complete. But direct experiment has not yet 
revealed what the chemical change is. Let us turn, 
then, to the energy exchanges, for such evidence as 
they can supply. 

The energy / given out during a short contraction 
can be described quantitatively in the form : 


E = A + +f Pdz, 


energy = heat of activation + heat of shortening + work. 


ar 


All these quantities, except a, which is constant, 
are functions of the time after the stimulus. P is 
the load against which work is done, zx is the amount 
of shortening, and A is the activation heat, which 
during a tetanus becomes the heat of maintenance. 
What, one naturally asks, is the justification for 
writing these three quantities as separate entities ? 
To start with A: the first thing to notice is that a 
muscle can be stimulated under conditions (a very 
great length, or a very short one) where it cannot 
shorten, or develop any tension, or do any work ; 
but it still gives out a substantial amount of heat. 
The next point is that the heat of activation starts 
very early, about the middie of the latent period, 
considerably before any detectable shortening occurs ; 
it is completed by the time that relaxation sets in. 
Moreover, during a maintained ‘sometric contraction 
no further shortening takes place or work is done ; 
but considerable heat continues to be produced. 
There is clearly a quota of energy independent of 
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shortening or work. It is natural to regard this heat 
as a by-product of the chemical reaction, whatever 
that is, by which the transformation from rest to 
activity is effected and maintained. The state of 
activity, if no second stimulus is applied, begins to 
decay after a time, depending on the muscle and its 
temperature. A second stimulus restores the muscle 
to full activity, from which decay begins again after 
the usual time. A third stimulus repeats the process, 
and so on. Thus, the heat of activation for a single 
shock becomes the heat of maintenance for a suc- 
cession of shocks. Both are a quantitative measure 
of the chemical process by which a state of activity 
is set up, or maintained. 

Turn now to the second term in the expression for 
the energy, the heat of shortening. We arrange for 
a muscle to shorten isotonically in separate maximal 
contractions against two widely different loads, and 
then at corresponding times in the two contractions 
plot difference of heat against difference of shortening ; 
a linear relationship is found. By subtraction the 
activation heat has been eliminated, and the differ- 
ence is due to shortening alone and proportional to it. 
Any pair of contractions under different loads can be 
treated in this way, and the constant of proportion 
is the same. 

But the experiment can be made in a more con- 
vinecing way during a short tetanus. The contraction 
is conducted isometrically for a time and then the 
muscle is released. The rate of heat production 
immediately rises, the extra heat being proportional 
to the amount of shortening over a wide range. The 
constant of proportion is independent of load, that is, 
of work done. Finally, a striking coincidence occurs : 
the constant a of the proportion is identical with the 
constant a in the characteristic relation between load 
P and speed of shortening v : 
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(P + a)v =6(P, — P), 


which is derived from purely mechanical measure- 
ments. Pv is the rate of doing mechanical work, av 
is the rate of liberating heat of shortening, so the 
equation tells us that the rate of liberation of (heat + 
work), in excess, of course, of activation or mainten- 
ance heat, is directly proportional to (P, — P). The 
factor, therefore, which controls the rate of output of 
energy is,the tension P. 

Now for the mechanical work. The question is 
whether the work can be regarded as a separate term, 
independent of the heat, in the energy equation. 
Some of the evidence has been implied already, in 
the fact that the heat of shortening could not have 
come out in constant proportion to the shortening if 
it depended also on the load. But more direct evidence 
was obtained. A special ergometer was constructed 
which allowed the muscle, while shortening always 
the same distance, to do varying amounts of work. 
Whatever the work done, the heat proved to be the 
same. Loaded isotonically, of course, a muscle 
shortens less against a greater load, so that a com- 
plicated relation is found between work and heat. 
But keep the shortening the same, and therefore the 
heat of shortening the same, and variation of load 
and work have no effect on the heat. The work can 
be regarded as a separate item in the energy equation. 

One naturally asks what chemical reaction provides 
the energy for doing mechanical work. Is it the same 
as the chemical change which provides the activation 
heat ? Or the heat of shortening ? We do not know. 
All that is known is that the recovery heat is about 
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uch they may vary individually—which suggests, 
ut does not prove, that the same chemical reaction 
ovides energy for all of them. 

In the energy equation, 


“sono 


E=A+ar+4 f Pdz, 


is natural to ask what happens if z is negative, 
at is, if a muscle is forcibly stretched during con- 
raction. It resists strongly, the more strongly the 
quicker the stretch, and considerable work has to be 
done. Some of this work is turned into elastic energy 
the stretched tendons; but if we consider the 
hole cycle of contraction and relaxation, and choose 
e length to which the muscle is stretched so that 
) significant tension remains at rest afterwards, the 
istic energy left at the end is negligible. Then the 
vork done in the stretch must either be dissipated 
heat or be absorbed by the muscle. If the stretch 
applied during relaxation the whole of the work 
loes appear as heat, but if the muscle is stretched 
iring the active phase of contraction a considerable 
rt of the work disappears. This work is presumably 
sorbed as chemical energy, in driving some chemical 
eaction backwards ; and one naturally assumes, in 
» absence of contrary evidence, that this is the 
me chemical reaction as provides mechanical work 
1en the muscle is allowed to shorten and the 
ction goes forward. The whole of the work could 
1 )t be so absorbed, for a good deal of it is still present 
elastic energy when the muscle begins to relax, 
d this is converted into heat in relaxation. More- 
ver, the muscle resists a rapid stretch so strongly that 
rts of it ‘give’ or ‘slip’, as in the irreversible process 
‘cold-drawing’, for example, of a wire or a thread 
long-chain polymer, and some of the work is 
ssipated as heat. But a large part of the work— 
ip to 50 per cent of it—cannot be accounted for as 
at: it is difficult to imagine any form in which it 
n be absorbed except as chemical energy. 
It is possible, by another method, to get the whole 
the work absorbed. A muscle is tetanized iso- 
etrically and, when the tension is fully developed, a 
nstant load is applied to it rather greater than the 
\l isometric tension. The muscle lengthens slowly. 
nee the load, is constant the elastic energy is con- 
int throughout the stretch, and the work done by 
e slowly falling load must either be absorbed or be 
rned into heat. The heat is recorded continuously 
wing the stretch and compared with the heat 
luring an’ isometric contraction in the same range of 
engths. The heat during the stretch may actually 
slightly less than that under isometric conditions ; 
t only does the whole of the work disappear, but 
iso a small balance of heat is absorbed. This is 
ot unexpected ; the heat of shortening is positive, 
and if the process could be reversed the heat of 
ngthening should be negative. Apparently, there- 
re, the second and third terms in the energy 
juation can be regarded as reversible. But not the 
rst—the active state is produced and maintained 
processes just as irreversible as those by which 
e field of an electromagnet is set up, or kept up, 
’ @ constant current, or a chemical concentration 
lifference is maintained across a permeable mem- 
ane. A continual flux of energy is required. So 
ng, however, as the active state persists, it seems 
hat the physical framework so kept in being is 
mechanically coupled to reversible chemical reactions, 
y which work can be done or absorbed according to 


+ oo 


40" @ @ fm 


Se npesas f 


ND Phmosoao 


> 


NATURE 


qual to the sum of all three taken together, however 


379 





the direction of motion. As svon as the active state 
comes to an end, which it ‘oes soon after the last 
stimulus, this mechanical coupling is broken and 
work can be neither performed nor absorbed. 

What then of the energetics of relaxation? It is 
known that heat is liberated when a muscle relaxes, 
but long suspected that this heat is due to mechanical 
work previously performed. By a special ergometer 
it is possible to allow a muscle to shorten and do 
almost maximal work, yet to leave it without external 
load or internal tension during the period normally 
occupied by relaxation. Under such conditions no 
heat is produced after the initial contractile phase is 
ended: the relaxation heat is nil if the contractile 
elements are not stretched, either by external load 
or by internal tension, as relaxation proceeds. If, 
therefore, relaxation is accompanied by chemical 
processes, their net heat production is nil. If, for 
example, adenosinetriphosphate is broken down 
during relaxation, its considerable heat production 
is exactly masked by some compensating endo- 
thermic process. One cannot insist that no exo- 
thermic change occurs during relaxation: but one 
can insist that a compensating reaction is then 
required to make the process thermally neutral. 

This leads to another simple statement of fact. 
At no stage during contraction and relaxation is the 
total rate of heat production negative. The instru- 
ments are capable of reading to 10-° °C. in a few 
milliseconds, and a negative rate of heat production 
of any significance could not fail to show up. Here 
again one cannot insist that no endothermic pro- 
cesses take place: but one can insist that if they do 
they are balanced, or more than balanced, by simul- 
taneous exothermic ones. 

Little has been said hitherto that involves the 
Second Law of Thermodynamics: though that is 
implicit in considerations of free energy and of 
reversible processes. But the possibility exists that 
the forces exerted by muscle are to be attributed 
to changes of entropy rather than to changes of 
potential. In rubber, for example, a chain of par- 
ticles is considered as analogous to a gas the molecules 
of which are tied together by flexible strings. The 
random heat movements of the particles cause a 
random tangling of the chains. This tangled state is 
the more probable condition, and the entropy is 
high. When the rubber is stretched the strings 
carrying the molecules are pulled out, a less probable 
condition is set up, the entropy is diminished, heat 
is given out and the tension rises. From the kinetic 
point of view we can picture the tension as due to the 
random impulses of molecules tending to bring the 
chain back into a more probable tangled state. The 
tension of stretched rubber is not attributed to static 
structural forces tending to resist deformation, as in 
a metal spring, but to the kinetic properties of long- 
chain molecules subject to heat vibrations tending to 
bring them to a shorter, more probable arrangement. 

Natural and synthetic fibres commonly possess a 
rubber-like elasticity ; and resting muscle under 
tension, like rubber, shows an increase of tension 
when warmed at constant length. This does not 
depend on the life of the muscle, but happens equally 
in a dead one ; it is a property not of the contractile 
substance but of the inert elastic elements. The 
equation governing this rubber-like elasticity, derived 
from the Second Law, is 
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temperature. The stimulus was adjusted at each temperature in 
strength, frequency, duration and wave-form to produce a 
maximal response. In each of three experiments (a) a series of 
three or four contractions was recorded at increasing temperature, 
followed by a similar reverse series ; and (6) tension was plotied 
against temperature, the value interpolated at 15° C. being taken 
as unity and the observed values expressed as fractions of this. 
All results were plotted together 
where P is elastic force, 7’ is absolute temperature, 
l is length and £ is internal energy. The elastic force 
is made up of two components, the first (d#/dl), 
being the potential component, the second 7 (dP/d7 ); 
the kinetic or entropy component. Let us see if these 
ideas can be applied to the active state of living 
muscle. 

In an isometric twitch the force developed is con- 
siderably greater at a lower temperature. If we could 
assume that a muscle exerting its maximum iso- 
metric tension in a twitch is momentarily in reversible 
equilibrium, and that the constituents of this equi- 
librium are the same at different temperatures, then 
we might argue that 7(dP/d7); is very large and 
negative, and therefore that (d#/dl)y7 is even larger 
and positive. In an isometric tetanus, however, the 
exact opposite is the case: the tension is greater at 
the higher temperature (see graph). We know, 
however, that the maintenance of tension is accom- 
panied by a considerable flux of energy, which is 
much greater at a higher temperature; and the 
situation is far more like a steady state than a 
reversible equilibrium, and the equation, of course, 
can only be applied to the latter. If, nevertheless, 
we assume that a maintained tension does somehow 
represent a reversible equilibrium, and that the con- 
stituents of the equilibrium are the same at different 
temperatures, then we might argue that 7 (dP/d7 ), is 
large and positive. With frog’s muscle between 0° and 
20° C., calculation shows that 7 (dP/d1 ); is consider- 
ably greater than P, so that (dE/dl)r is fairly large 
and negative. This would mean that 2, the internal 
energy of the muscle, increased substantially when 
it shortened. This could happen either if the con- 
tractile mechanism absorbed heat when it shortened, 
or if it derived energy from some external source, 
presumably from chemical reaction. But we know 
that the heat of shortening is, in fact, positive not 
negative, so the only possibility remaining is that 
energy during shortening is derived by the con- 
tractile machinery from a chemical source. 

When a muscle shortens a given distance, energy 
is given out in two forms, heat of shortening and 
work. The heat is the same whatever the load, but 
the work depends on the load. But the final state 
of the muscle itself as a mechanical system appears 
to be independent of the work done; it is merely 
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shorter, so that energy to provide the work must also 
be derived from a chemical source. We are forced 
therefore, to the conclusion that if a maintained 
contraction really represents a reversible equilibrium 
the system must be taken as a whole, including the 
chemical reactions by which heat and work are 
supplied. 

We started with the idea of an entropy machine, 
but find ourselves driven back by the facts to a 
machine which demands chemical energy to provide 
heat and work. It seems simpler to revert to the 
more natural assumption that the maintained con- 
traction of a living muscle is a steady state, kept 
up by a continual flux of energy. 

In the models to be discussed by Dr. Szent-Gyérgyi 
and Prof. Weber, it may be easier to justify the 
assumption of a reversible equilibrium ; though here 
also one needs to be satisfied that the actual state of 
affairs is not really a stationary condition maintained 
with a continual flux of energy. To be specific, do 
the fibres which develop tension, when treated with 
adenosinetriphosphate, require a continual break- 
down of adenosinetriphosphate so long as_ the 
tension is maintained ? If they do, how can that be 
reconciled with the assumption that the system is in 
reversible equilibrium ? There is no magic about these 
thermodynamic equations. If a reversible chemical 
equilibrium is known to exist between known con- 
stituents, then the free energy can be calculated from 
their concentrations at equilibrium ; and the position 
of equilibrium will vary with the temperature, depend- 
ing on the heat of reaction. But if it is really only a 
steady state, maintained by a continual flux of energy, 
such calculations can tell us nothing at all. In living 
muscle during active contraction it seems very 
doubtful whether anything comparable to a reversible 
equilibrium exists. In the models there may, perhaps, 
be genuine equilibria, but they cannot be taken for 
granted, without proof. 
academic pedantry—it is the crux of the whole 
matter. 
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NATURE OF THE CONTRACTION 
OF MUSCLE” 


By Dr. ALBERT SZENT-GYORGY! 


Institute for Muscle Research, Marine Biological Laboratory, 
Woods Hole, Mass. 


HERMODYNAMICS deals with the relations 

between different forms of energy and entropy 
in equilibrium reactions. If applied to muscle it could 
give us a deeper insight into the nature of con- 
traction: but before it can be applied, one of the 
most basic questions of biology has to be answered : 
Are complex biological phenomena, such as con- 
traction in muscle, made up of equilibrium reactions ? 
Only if these effects are made up of such equilibrium 
reactions can thermodynamics be applied. This 
question, however, cannot be answered without 
applying thermodynamics. 

There is one way of breaking this vicious circle : 
by observing what muscle does under conditions in 
which thermodynamic regularities can reveal them 
selves (that is, varying one of the main thermodynamic 
parameters, temperature or .pressure), applying 

* Abstract of a contribution to a discussion on “The Thermodyna- 


mics of Muscle” at the International Congress of Physiology, Copen- 
hagen, on August 15, 1950. 
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thermodynamics to the results and then seeing 
whether it makes sense. 

Chere are two changes we can conveniently measure 
in contraction : shortening (at constant tension), and 


tension (at constant length). A third important 
characteristic of muscular activity is the work- 
integral, the maximal working capacity. Its curve 
is practically identical with that of the tension. In 
order to transform the curve of tension into a curve of 
maximal working capacity, on first approximation 
we only have to change the units of gram-weight of 
tension on the ordinate into the corresponding 
calories. 

These changes were measured at varied tempera- 
tures in a number of widely different muscle prepara- 
tions, such as the frog sartorius and rat diaphragm 
excited electrically, the rabbit psoas excited by 
freezing and thawing or brought to contraction in 
the washed condition by adenosinetriphosphate. In 
spite of the great differences in the nature of these 
materials, all the curves of shortening were found to 
be very similar to one another, as were the curves of 
tension or work. The curves of shortening, however, 
were found to be very different from those of work 
or tension. 

Starting from low values, on raising the tempera- 
ture the curve of shortening rises, reaches a flat 
maximum, and declines at higher temperatures after 
forming a symmetrical wide arch. The curve of 
tension also rises first and declines later, its maximum 
being at the same point as that of the shortening ; 
but this curve of tension is composed of two straight 
lines with a smoothed-out transition. 

Changes in tension show all the signs of thermo- 
dynamic reversibility ; when varying the temperature 
the tension follows in a regular fashion reversibly. 
Shortening shows limited signs of reversibility, being 
a function of temperature. 

Working on the most probable assumptions, namely, 
that macroscopic shortening is the integral of the 
shortening of small units, ‘autones’, reacting in a 
first-order all-or-none equilibrium reaction, we can 
derive from the curve of shortening the equilibrium 
constant K of the hypothetical underlying equilibrium 
reaction for the different temperatures. Then, 
applying the van’t Hoff isochore, AF = — R7Ink, 
from the K’s we can calculate AF and compare it 
with our experimental curve of maximal working 
capacity. If allowance is made for the shortcomings 
and uncertainties of the technique, the calculated and 
the experimental curves are found to be in close 
accord, suggesting that contraction 7s an equilibrium 
reaction to which thermodynamics are applicable. 

If log K is plotted against 1/7’, two straight 
lines are obtained, one corresponding to the ascending 
and one to the descending slope of the curve of 
shortening. This suggests that contraction is the 
result of two equilibrium reactions coupled in a 
peculiar fashion. At any temperature contraction is 
governed by whichever of the two has the lower K 
anc is the ‘bottle neck’. Thus, at a lower temperature 
the curves reveal the constant K of one of the two 
reactions, let us say R,, while at higher temperatures 
the constant K, of the other reaction, R,, is revealed. 
The tensions at lower temperatures correspond to the 
free-energy change of R,, while the tensions at higher 
temperatures indicate the AF of R,. Further thermo- 
dynamic analysis shows that the slopes of these 
curves are entropy-slopes and indicate great changes 
in entropy. There is also a considerable endothermic 
heat change, somewhat overcompensated by the 
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simultaneous exothermic changes. The thermometer, 
in this case, could only indicate the small positive 
overall result. Similarly, the actual work produced 
by the muscle is merely the relatively small overall 
result of much greater changes in internal and 
thermokinetic energy compensating one another to 
a great extent. 

The concept of contraction given by thermo- 
dynamics tallies with the chemical experience, which 
shows the contractile matter to be built of two 
proteins, actin and myosin, coupled in a peculiar 
fashion. It also agrees with electron microscopic 
observation, which suggests that the autone of myosin 
is that segment of its molecule which reacts with an 
actin ‘ovoid’. Evaluation of the curves indicates 
that the ‘autones’ contain a quantity of myosin 
corresponding to a molecular weight of 70,000. 


THERMODYNAMICS OF THE 
CONTRACTILE ACTOMYOSIN 
MODEL* 


By Pror. H. H. WEBER 


Physiological Institute, University of Tubingen 


USCLE research is indebted to Szent-Gyorgyi 

for two kinds of contractile model of muscle : 
the myosin thread and the muscle bundle extracted 
by glycerol and water, both contracting by adenosine- 
triphosphate. 

Models are more convincing the more closely they 
resemble the real thing; they are also clearer, the 
simpler the conditions in them. Szent-Gyérgyi’s 
extracted muscle bundle can be much simplified by 
using a single fibre in its place, whereby diffusion can 
be greatly quickened. The result of this is that, 
although adenosinetriphosphate is decomposed in the 
interior of the fibre, at no point is its concentration 
less than 90-95 per cent of that in the surrounding 
medium. Only by the use of a single fibre, therefore, 
is the concentration of the adenosinetriphosphate at 
its site of action adequately known. Moreover, the 
fibre bundle gives an average value of the contraction 
of fibres denatured to various degrees; with single 
fibres one can hope to obtain a value representative 
of the undenatured state. 

Even so, the extracted fibre is still a complicated 
system : it contains 80 per cent of its muscle proteins, 
of which only 40 per cent is L-myosin and about 12 
per cent is actin. The contractile actomyosin thread, 
on the other hand, consists entirely of that substance. 
The actomyosin thread can be prepared to-day in 
such a way as to show a contraction equal to that of 
the extracted fibre up to a certain point, namely, that 
thread and fibre mostly break of themselves under 
the influence of adenosinetriphosphate. The tensile 
strength, however, and therefore the maximum 
tension, are twenty times greater in the fibre than in 
the thread. Their equivalence in other respects shows 
that the contraction of the fibre also depends upon 
actomyosin. 


Comparison of Contraction of Model and Muscle 


On the addition of adenosinetriphosphate (0-004 
M) the extracted single fibre of the rabbit psoas at 


* Substance of a contribution to a discussion on “The Thermo- 
dynamics of Muscle” at the International Congress of Physiology, 
Copenhagen, on August 15, 1950. 
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20° C. develops isometrically in several minutes a 
force of about 4 kgm./em.*. This is equal to the 
maximum tension obtainable from the living muscle 
of a warm-blooded animal, but the speed of its 
development is very much less. The tension developed 
depends on the length, and with diminishing length 
the tension falls off approximately linearly, becoming 
zero at about 20 per cent of the original length. 
From this it may be calculated that the maximum 
mechanical «work in an indefinitely slow shortening 
would be about 1,600 gm.cm./em.* or 3-4 x 107? 
cal./em.*. For the actomyosin thread the correspond- 
ing values are, for force about 200 gm./cm.*, for 
shortening 40-50 per cent and for maximum work 
50 gm.cm./em.* or about 107° cal./em.*. Shortening 
and work, therefore, in the extracted fibre are per- 
haps somewhat greater than in a maximal tetanus. 
In the thread, tension and work are about twenty 
times smaller than in a maximal tetanus. 

If a model under tension with adenosinetri- 
phosphate is suddenly allowed to shorten by 1-4 per 
cent, the tension falls abruptly to a low value or to 
zero, and then rises again in a few minutes almost to 
its original value. Fibre and thread therefore show 
equally well, after a ‘quick-release’, the recovery of 
tension exhibited, but much more rapidly, by the 
living muscle (Gasser and Hill), so long as they 
remain under the influence of adenosinetriphosphate. 
If the extracted fibre before treatment with adenosine- 
triphosphate is mechanically stretched and then 
allowed a sudden shortening of 1 per cent, the tension 
falls much less and shows only about 10 per cent 
recovery of its lost tension. 

The equilibrium tensions of the models under the 
action of adenosinetriphosphate diminish less with 
decreasing length than the equilibrium tension 
developed by previous stretching without adenosine- 
triphosphate. This is the same difference as is 
observed in living material between the tension- 
length diagram of the stretched inactive muscle and 
that of the active one. 

Passing from the equilibrium tensions and con. 
sidering the momentary tensions immediately after 
rapid changes of length, Gasser and Hill’s stretch- 
and-quick-release experiments show that the altera- 
tions of tension are more strongly affected by changes 
of length in the active than in the inactive muscle. 
The same is true for the model in adenosinetriphos- 
phate compared with the model without adenosine- 
triphosphate, for the case of quick release. But a 
quick stretch applied to a model under adenosine- 
triphosphate increases the tension less than it 
increases the tension of the same fibre after the 
adenosinetriphosphate has been applied and then 
washed out. The washed fibre is less extensible than 
the resting muscle. 

It has been shown by Szent-Gyérgyi that the 
strength of contraction of a model treated with 
adenosinetriphosphate increases strongly as_ the 
temperature is raised from 0° to 20° C. In the tetanus 
of a living muscle, as Hill has reported, there is an 
analogous dependence of tension on temperature. 
If we calculate the quantity 8 = (dP/d7)/P, where 
P is tension and 7’ temperature, in the model in 
0:004 ./ adenosinetriphosphate, B is about 0-08 
between 0° and 20° C, At a concentration of 0-0004 
M adenosinetriphosphate, which is below optimal, 
8 averages about 0-018 between 0° and 20° C. and 
about 0:03 between 0° and 10° C. About the same 
value, 0-027, can be read off from Hill’s curve for a 
tetanus over the range 0-5°C.; between 0° and 
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20° C., however, its average is as low as 0-008. The 
8-values of muscle and model are therefore to some 
degree comparable, according to the adenosinetri 
phosphate concentration used for the model. 

It cannot yet be said whether it is possible to 
differentiate between the two forms of heat pro- 
duction, which, in living muscle, have been termed 
by Hill ‘activation heat’ and ‘shortening heat’; nor 
is information yet available on any possible change 
of volume, or of light scattering, of the model system 
activated by adenosinetriphosphate. 

The equivalence, or the similarity, of so many 
characteristic aspects of the contraction of highly 
purified actomyosin threads, of extracted fibres and 
of living muscle, appears to show that a reaction 
between acdenosinetriphosphate and actomyosin is 
fundamentally involved in the rising phase of the 
contraction of a living muscle. But this reaction is 
manifested in systems which increase in perfection 
from the ‘myosin thread’ through the ‘fibre’ to the 
muscle. 


Thermodynamics of the Model System 


Thermodynamic theories of the model system 
depend at present on observations of the temperature 
coefficients of work and tension. It is not necessary, 
as Szent-Gyérgyi has done, to make any special 
assumptions about the mechanism of contraction ; 
calculation can be made directly by the equation of 
Wiegand and Snyder (see Hill’s paper). But one 
assumption is implicit in all this, namely, that the 
temperature dependence of the tension is due to the 
influence of temperature on the equilibrium constants 
of thermodynamically reversible reactions. It is true 
that the equilibrium tension reaches the same value 
irrespective of whether the temperature is raised or 
lowered to a given point. But this does not exclude 
the possibility that the temperature-dependence of 
work and tension is nothing more than a sign of 
increase or decrease in rate of breakdown of adenosine- 
triphosphate. If so, one is really not studying the 
equilibria of reversible reactions, but rather the 
influence of temperature on the rate of a particular 
irreversible reaction. 

On the hypothesis of thermodynamic reversibility, 
tension and work are derived from molecular kinetic 
energy. Then according to the Wiegand- Snyder 
equation, the thermal contribution to the tension 
and the heat energy used are about twenty times as 
large as the observed mechanical tension and the 
external work done. But the energy available from 
breakdown of adenosinetriphosphate is as much as 
100-1,000 times as great as the mechanical work, 
according to the time—which increases with increasing 
denaturation—taken by the extracted fibre in doing 
the work. It is impossible, therefore, to decide on 
present evidence whether the temperature sensitivity 
is a manifestation of a change in the position of equi- 
librium of a reversible reaction, or is simply an 
indication of a change in the energy liberation of the 
main energy-rich reaction. 

Several ammonia and sulphydryl compounds are 
known to inhibit reversibly the splitting of adenosine 
triphosphate and also to abolish the contraction of 
the model. 
adenosinetriphosphate is necessary for contraction 
of the model, but does not prove it, since the com 
pounds might affect both processes independently. 

The tension produced by adenosinetriphosphate 
remains even when the adenosinetriphosphate is 
washed out of the model ; but in this case the tension 
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This suggests that the splitting of 










wk ciel ias . aidiaatinnn he 


AE 














7 


The 
ome 
etri 


e to 
pro 
mea 

nor 
ange 
stem 


nany 
ighly 
ana 
tion 
in is 
the 
om is 
tion 
» the 


stem 
ture 
sary, 
ecia! 
ion ; 
mn. of 
one 
; the 
» the 
ants 
true 
value 
d or 
‘lude 
‘e of 
n of 
sine- 
} the 
the 
ular 


ility, 
netic 
yder 
sion 
eS as 

the 
from 
h as 
vork, 
using 
loing 
6 on 
ivity 
equi- 
y an 
f the 


3 are 
sine 
m of 
g of 
stion 


com 
ly. 

yhate 
te is 
nsion 














March 10, 1951 


No. 4245 





Tension (per cent) 
wo 
S 
7 





-3 -2 
log (ATP concentration) 


Fig. 1. Extracted fibre: dependence of tension (shown as per- 
centage of maximum) on concentration of adenosinetriphosphate. 








Curve A: 70 per cent shortened at 20° C. Curve B: 60 per 
cent shortened at 2° C. 
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Fig. 2. Extracted fibre: dependence of rate of splitting of 


adenosinetriphosphate (shown as percentage of maximum) on its 
concentration. 
Curve A: 20°C. Curve B: 2°C. 


no longer varies with temperature. If the relationship 
if tension to temperature had persisted after washing 
suit the adenosinetriphosphate, it would have been 
in indication that this relationship is not connected 
with the rate of splitting of adenosinetriphosphate, 
ind thus that the dependence on temperature might 
rest on a reversible thermodynamic equilibrium. 
Assuming the existence of thermodynamic equi- 
libria, the simplest hypothesis (E. Wéhlisch, K. H. 
Meyer) supposes a statistical coiling up of the fibre 
molecules. In such asystem the function of adenosine- 
triphosphate would be to weaken reversibly the 
linkages between neighbouring molecules in the 
extended state. This hypothesis is attractive because 
it allows all the known actions of adenosinetri- 
phosphate on actomyosin to be explained as due to a 
diminution of cohesion forces. A proof of this special 
mechanism would, at the same time, be a proof of 
the general assumption that the model contraction 
rests upon a thermodynamic equilibrium. 
If the increase of tension with temperature in an 
adenosinetriphosphate contraction depends on more 
and more actomyosin chains becoming freely movable 
as the temperature rises, we should expect, according 
to the Second Law of Thermodynamics, that this 
region of ‘melting’ would be pushed to higher tem- 
peratures for lower concentrations of adenosine- 
triphosphate. If no irreversible complication occurs 
at a high enough temperature, a ‘melting’ would 
cur without any adenosinetriphosphate—that is, 
. pure heat contracture. Such a heat contracture, in 
fact, sets in in the actomyosin threads between. 40° 
ind 60° C., the threads shortening by 20-30 per cent. 
If, however, the thread was previously brought to an 
adenosinetriphosphate contraction between 0° and 
20° C. and then heated, the length remains unaltered 
between 20° and 40° ; but above 40° it decreases just 


as steeply as previously described without adenosine- 
ply as p J 


triphosphate contracture. 
then about 75 per cent. 
The temperature at which ‘melting’ occurs must, 


The total shortening is 


according to the Wiegand-Snyder equation, be one of 


high B values, that is to say, by optimum concentra- 
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tion of adenosinetriphosphate in the region from 0° 
to 20° C. If the concentration of adenosinetriphosphate 
is lowered, the 8 value decreases more between 10° 
and 20° than between 0° and 10°. The temperature 
of ‘melting’ therefore appears to be lower with a 
lower concentration of adenosinetriphosphate. 
Temperature and adenosinetriphosphate, therefore, 
do not behave as they should if the mechanism were 
similar to that of Wéhlisch-Meyer. 

The tension of the models contracting under 
adenosinetriphosphate increases with increasing 
concentration of adenosinetriphosphate only until 
an optimum concentration is reached. This optimum 
concentration is 10-***-10-** M for shortened fibres at 
2° C., and 107!*7-10-1** M at 20° C. There is also an 
optimum concentration for the rate of splitting of 
adenosinetriphosphate by shortened fibres: at 2° C. 
<10-** M and at 20° C.=>10-'* M (see Figs. 1 and 
2). If one supposes, following Michaelis and Menten, 
that these optima relate to the affinity between 
enzyme and substrate, the binding energy for the 
bond between adenosinetriphosphate and _ acto- 
myosin can be calculated as 6-8,000 cal. 

For unshortened fibres the optimum concentration 
of adenosinetriphosphate (for development of tension) 
is lower than that for shortened fibres at both 2° and 
20°. It is not known if the optimum concentration 
for rate of splitting changes in the same way. The 
ability of the contractile structure to react with 
adenosinetriphosphate thus depends on the degree 
of shortening. This might be related to the shortening 
heat found by Hill, but it is as yet too early for such 
a discussion. 


OBITUARIES 
Dr. H. M. Vernon 


Dr. H. M. VERNON was born in 1870 and educated 
at Dulwich College, whence he obtained a science 
scholarship at Merton College, Oxford. There he 
studied chemistry for three years, followed by two 
years of physiology. He combined these subjects 
with an interest in general biology and at intervals 
worked at the Marine Zoological Station at Naples. 
Here his chief study was statistical investigations 
upon the effects of environment and cross-fertilization 
on the growth of sea-urchin larv. 

In 1898 Dr. Vernon took his medical degree and 
was elected a Fellow of Magdalen College, Oxford. 
His time now was spent chiefly in teaching and 
research in physiology. The First World War changed 
the centre of his interests. For a time he worked in 
Birmingham making munitions. This gave him the 
opportunity of observing conditions of work and their 
effects on the workers. He was amazed at the lack 
of consideration for the workers. He had thus a 
unique training for the work which was to occupy 
him for the rest of his life. 

When the Health of Munition Workers’ Committee 
was appointed in 1915, Dr. Vernon was one of the 
first investigators, and his work on ‘‘Hours of Labour” 
has been not only of great practical importance but 
it also opened a way for future investigation. When 
the Industrial Fatigue (Health) Research Board was 
appointed at the end of the War, Dr. Vernon was 
offered a post as investigator. His researches were 
concerned with tin-plate workers, blast-furnace 
workers, and coal-miners, particularly from the point 
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of view of atmospheric conditions, heating and 
ventilation, as well as rest pauses and allied subjects. 

In 1932 he retired and occupied himself with 
writing articles and books. Among the latter are 
“Industrial Fatigue and Efficiency’’, ‘““‘The Principles 
of Heating and Ventilation”, ““The Shorter Working 
Week’’, “‘Accidents and their Prevention”’, all excel- 
lently documented. He was disappointed that, when 
the Second World War broke out, those responsible 
for the work of the factoriés had not learnt the 
lessons of 1914-18. However, although it took time, 
researches dating from 1918 onwards were gradually 
incorporated into the practice of the factories. 

Dr. Vernon was undoubtedly a pioneer, and his 
careful and accurate observations concerning many 
facets of the industrial field have played, and will 
yet play, a great part in research. He was unusually 
well-qualified by his scientific and medical knowledge 
for the work he undertook. Those who knew him 
during his working life admired and appreciated his 
single-minded enthusiasm for industrial research into 
a new field. He has had a long working life at work 
of his own choice. May SMITH 


Dr. F. S. Hogg 


Dr. F. 8S. Hoae, director of the David Dunlap 
Observatory, University of Toronto, died suddenly 
on January 1. Frank Scott Hogg was born at Preston, 
Ontario, on July 26, 1904. He was the son of James 
Hogg, a well-known physician, and Ida Mary Barber, 
graduate of the University of Toronto. He attended 
the local high school and also the Galt Collegiate 
Institute, which was a famous institution a generation 
ago. From the University of Toronto he graduated 
in 1926, being awarded the gold medal offered by the 
Royal Astronomical Society of Canada for first place 
in astronomy. He then went to Harvard University, 
where he obtained the A.M. degree in 1928 and 
Ph.D. in 1929. 


NEWS an 


Geography at Leeds : Mr. R. F. Peel, M.B.E. 


THE newly established additional chair of geography 
in the University of Leeds has recently been filled 
by Mr. R. F. Peel. Mr. Peel was educated at North- 
ampton School and at St. Catharine’s College, Cam- 
bridge, where he graduated in 1934, and obtained a 
diploma in anthropology with distinction the follow- 
ing year. During 1935-39 he was lecturer in geo- 
graphy at King’s College, Newcastle upon Tyne, and 
returned there after the War as senior lecturer. In 1946 
he went back to Cambridge, and in 1949 was elected 
University lecturer in geography and Fellow and 
director of studies in geography of St. Catharine's 
College. Although Mr. Peel’s interests have turned 
increasingly towards human and social geography, 
his research work has embraced several fields. An 
expedition to the interior of Libya in 1938 resulted in 
six or seven published papers. Parts of a lengthy 
physiographical study of the Tyne drainage area have 
been published and other parts are expected to be 
ready this year. For his work in Libya and 
northern England he was awarded last year the 
Cuthbert Peake Grant by the Royal Geographical 
Society: Since 1946, he has completed a book on 
physical geography and has collaborated in a volume 
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Upon receiving the Parker Travelling Fellowship, 
Dr. Hogg spent a year at the University of Cam- 
bridge and in visiting European observatories. On 
his return he was research associate at Ambherst 
College, Mass., during 1930-31. After this, Dr. Hogg 
was on the staff of the Dominion Astrophysical 
Observatory at Victoria, B.C., during 1931-34, and 
when the David Dunlap Observatory of the University 
of Toronto was nearing completion, he was first 
appointed lecturer in the Department of Astronomy 
in the University, later assistant professor. He was 
associate professor from 1942 until 1946 when, on 
the retirement of Dr. R. K. Young, he became 
professor of astronomy and director of the Observ- 
atory. 

Dr. Hogg was president of the Royal Astronomical 
Society of Canada in 1941 and 1942; and from 1937 
he was assistant editor of the Society’s Journal and 
Observer’s Handbook. 

At the David Dunlap Observatory, Dr. Hogg’s 
chief work was on the determination of radial 
velocity, for which the 74-in. reflector is specially 
efficient. He was noted for the loyalty of his staff 
and for the interest he aroused in the young men 
who wished to carry on researches at the Observatory. 

Dr. Hogg was a member of the American Astron- 
omical Society and of the International Astronomical 
Union, and also of the committee on navigation of the 
National Research Council of Canada. He was also 
interested in astro-navigation, and devised and 
constructed a practicable bubble-sextant. Further, 
he was a good citizen of his community. 

Dr. Hogg married in 1930 Helen B. Sawyer, a 
Ph.D. of Radcliffe and well known for her researches 
into globular star clusters. Mrs. Hogg has been for 
some time research associate in the Department of 
Astronomy and has now been made an assistant 
professor. There are three children, a daughter at 
the University and two sons still at school. 

C. A. CHANT 
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of advanced cartography. During the Second World 
War Mr. Peel was in the Survey Branch of the Royal 
Engineers, and towards the end of the War was in 
charge of the map production branch of the Survey 
Directorate in Italy, for which he was awarded the 
M.B.E. 


International Commission for Plant Slide Exchanges 


An International Commission for Plant Slide 
Exchanges, to which materials might be sent for 
processing and from which participants could receive 
in exchange any available slides that they might 
desire, has been established under the auspices of the 
Botanical Section of the International Union of 
Biological Sciences in co-operation with the California 
Botanical Materials Co., in the laboratories of which 
the materials will be processed. The aim of the 
Commission is to enable co-operating institutions and 
individuals to build up reference slide collections by 
exchanging plant materials sent in by them for slides 
processed from either these materials or from those 
forwarded by others. Any individual botanist, 
department of botany or botanical institution may 
become a member of the Commission upon payment 
in advance of an annual fee of ten dollars. Members 
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are expected to collect and fix properly for slide- 
making purposes plant materials indigenous to their 
respective regions or collected elsewhere by them- 
selves. All plants, from the Alge upwards, are to be 
included, as are all plant structures. Each collection, 
upon receipt and acceptance by the Commission, will 
be given an exchange value of ten slides. Materials 
which duplicate those previously sent by others may 
be given a lesser exchange value, depending upon 
their usefulness. Members are entitled to receive in 
exchange any slides that they desire, up to the total 
of their allowances, whether these are prepared from 
materials sent by themselves or by others. The 
extensive slide collections of the California Botanical 
Materials Co., numbering more than six thousand 
individual items, will be used as a nucleus for exchange 
purposes. Slides will not be accepted for exchange. 
The Commission does not duplicate the aims or 
purposes of the International Depository of Cyto- 
logical Slides, another member of the Union. How- 
ever, one example of all cytological slides processed 
by the Commission will be sent to the Depository. 
Further information can be obtained from Dr. D. A. 
Johansen, International Commission for Plant Slide 
Exchanges, 861 East Columbia Avenue, Pomona, 
California. 


World Trade in Fertilizers 


THE attention now focused on world food pro- 
duction lends special interest to the thirty-fourth 
report published by the Commonwealth Economic 
Committee, “A Survey of the Trade in Fertilizers” 
(pp. 126; London: H.M. Stationery Office, 1950 ; 
3s.). During 1948-49 the world usage of chemical 
fertilizers reached record levels, though the consump- 
tion showed signs of slackening in some areas. World 
production of nitrogen, potash and phosphate rose 
to above pre-war figures, the output being 3-3, 3-2 
and 5 million tons, respectively. Of these, the 
British Commonwealth countries contributed fourteen 
per cent of the nitrogen and potash, and nearly 
twenty per cent of the phosphate. The principal 
source of the world’s nitrogen is the atmosphere, and, 
though a substantial proportion is obtained as a 
by-product from coal, natural nitrate from Chile now 
provides less than ten per cent of the total. 
Ammonium sulphate is the chief nitrogenous fertilizer, 
superphosphate provides most of the phosphate, and 
muriate most of the potash. The United States is 
the world’s largest consumer ; but the highest average 
rates of application occur in certain European coun- 
tries and Japan. The British Commonwealth accounts 
for about ten per cent of the world consumption of 
nitrogen and potash and about twenty per cent of 
the phosphate. International trade in fertilizers, 
greatly reduced by the Second World War, has 
recovered to well above previous levels in all three 
plant foods. A large potential demand exists in Far 
Eastern countries ; but its translation into effective 
demand depends upon the price at which supplies 
become available. Plans for both increased pro- 
duction and use are already in hand or under con- 
sideration in India, Pakistan and elsewhere. Overall 
supplies of nitrogen, phosphate and potash seem to 
be adequate, and unexploited reserves should be 
ample for future requirements. A world shortage of 
raw sulphur, however, exists, and countries con- 
templating increased production of superphosphate 
may find it necessary to use indigenous supplies of 
sulphur-bearing minerals such as pyrites, or to reduce 
their use of sulphuric acid. 
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Chung Kuo Ko Hsueh or Science (China) 


THE first issue of Chung Kuo Ko Hsueh (1, No. 1; 
pp. 272; Peking: Academia Sinica; August 1950) 
contains seventeen papers in Chinese. It begins with 
an article, with an abstract in English, by L. K. Hua on 
the semi-homomorphism of rings ; followed by three 
other mathematical papers and a paper by P. C. Yin 
giving a new modification of Bjurstrém’s method of 
graphical solution of X-ray powder photographs. 
K. K. Chu contributes a paper on geomagnetic ele- 
ments giving main-field charts of China in Epoch 1945. 
C. H. Loh and his co-workers have studied the native 
method of extraction of sesame oil. The method de- 
pends on the replacement of oil by water in the seed 
after milling, and often gives a higher yield than that 
obtainable by expression. The distribution of vitamin 
B, and nicotinic acid in rice has been investigated by 
Y. L. Wang and his associates, who report that more 
than 55 per cent of the total vitamin B, content is 
present in the scutellum, and, in the aleurone layer, 72 
per cent of the total nicotinic acid. Observations on 
Hypodereum conoideum (Bloch) Dietz, 1909, found 
in China are recorded by F. P. Li; and T. C. Tung 
contributes a paper, one of a series previously pub- 
lished (Proc. Zool. Soc.), on the ciliary action of em- 
bryonic tissues of Amblystoma punctatum and Rana 
palustris. Results of a field study on the effect of 
cotton insects on the growth and yield of cotton, 
with and without the use of an insecticide, are given 
in a paper by H. F. Chu and K. H. Chang. The journal 
is well printed, and is one of the three publications of 
the Academia, which at present consists of twenty 
research institutes. 


Survey of Thesis Literature in British Libraries 


In extension of Col. Luxmoore Newcombe’s paper 
on “The Accessibility of British University Thesis 
Literature” prepared for the sixteenth annual con- 
ference of Aslib in 1939, the Library Association has 
published a survey of thesis literature in British 
libraries (London: Library Association, 1950; 
2s. 6d.; 2s. to members of the Library Association), 
prepared by Mr. P. D. Record, of the Bodleian 
Library, on the basis of a questionnaire circulated to 
librarians early in 1949. Mr. Record is concerned with 
two kinds of dissertations, the first being with those 
submitted to British universities for their degrees. 
Information received from eighteen universities 
indicates no uniformity of practice, either in regard 
to the deposition of theses in the university library, 
the consultation of deposited theses, or the tracing 
of theses, whether within the library or by lists of 
titles or abstracts of theses published by the univer- 
sity. There is no national list corresponding to the 
American and Continental lists, although a joint 
sub-committee of the Library Association and of 
Aslib is considering the compilation and publication 
of such a list. Some subjects are covered for limited 
periods, history having continuous lists of university 
research, in progress and completed, back to 1911. 
The majority of theses for science degrees ultimately 
appear in appropriate journals; but there is no 
centralized source of information about work in 
progress, or not yet published. The second point 
made by Mr. Record is that he has gathered informa- 
tion about collections of theses from foreign univer- 
sities, or not connected with universities at all, in 
British libraries, including the British Museum, the 
National Libraries of Scotland and Wales, the John 
Rylands Library, Manchester, and some special 
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libraries, like the Science Library, the Chemical 
Society Library and those of Law and Medicine. 
Here the treatment varies even more widely. Some 
libraries, chiefly those of universities, are able to 
particularize their collections, some to indicate the 
limits of subjects applicable to their theses ; but some, 
notably the British Museum, deal with foreign theses 
in such a way that only generalized answers are 
possible. 


Chicago Natural History Museum: 

Publicity 

THE annual report of the Chicago Natural History 
Museum for 1949 (pp. 140; Chicago: Chicago 
Natural History Museum, 1950; 1 dollar) gives some 
interesting facts concerning the activities of its 
Department of Public Relations. For an entire year, 
the Museum was brought to the notice of every 
person who looked up a telephone number in the 
**Red Book, Chicago Classified Telephone Directory” ; 
for, through the courtesy of the publishers, the name 
of the Museum and a picture in colours of the exterior 
appeared on the front cover, while inside in a prom- 
inent page-one position was the story of the Museum. 
Considering the large number who consult a telephone 
directory in the course of a year, the cumulative 
effect of such publicity must be of a high order. The 
Department also maintained news releases, feature 
articles and pictures in the Press. It is also inter- 
esting to note that the Department was, by means 
of ‘tie-ins’, in close touch with organizations of which 
the scope of activity could be associated with exhibits 
or events in the Museum. The Museum continued to 
be represented each Saturday throughout the year 
by a series of stories on the “Children’s Corner’’ radio 
programme. Special features, including television, 
were given on several of the broadcasting systems. 
Other publicity included the distribution of thousands 
of folders describing exhibits. Lecture courses for 
adults and children were advertised by posters dis- 
played in railway stations and on suburban trains. 
Some of the methods adopted by the American 
museums May seem unusual; but all are worthy of 
consideration. 


Methods of 


Odontology and Serology of the Inhabitants of 

North-East Angola 

A PUBLICATION (in Portuguese) of the Companhia 
de Diamantes de Angola (Diamang) contains two 
papers on the teeth and blood groups of the native 
population of the Lunda District and the Songo 
region of the Malange District in the north-east of 
that flourishing Colony (“‘Contribui¢&éo para o estudo 
de alguns Caracteres Dentérios dos Indigenas da 
Lunda” by Dr. Reinaldo de Almeida, and ‘“‘Grupos 
Sanguineos dos Indigenas da Lunda e Songo’’ by 
Dr. J. H. Santos David; Servico de Satide, Pub- 
licagdes Culturais No. 3; pp. 71; Lisboa: Diamang, 
1949). A comparative study of the dentition of a 
thousand native labourers is considered from a 
number of aspects, including various anomalies, 
incidence of caries, loss of teeth through different 
causes, supernumerary teeth and dental mutilation, 
and is illustrated by photographs and diagrams. The 
proportions of the ABO blood groups and certain of 
their gene frequencies are provided for 1,400 subjects 
belonging to eighteen different tribes in Angola and 
the Belgian Congo. Those from Lunda and Songo 
are characterized by a low biochemical index (1-22) 
and a high percentage of agglutinogen B (21-14) ; 
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like the inhabitants of the Benguela Plateau, their 
serological affinities lie with the Western Bantu 
peoples. Both papers uphold the customary standards 
of the magnificently produced series of studies on the 
anthropology of Lunda, in the wide sense of that 
term, and are a tribute to the publishers. 





German Technical Ceramics 


Some interesting information relating to the 
development of technical ceramics in Germany is 
given in a recent B.I.0.S. survey by Dr. D. A. 
Holdridge entitled, “Report No. 28: The Fine 
Ceramics Industry in Germany during the period 
1939-45” (British Ceramic Research Association, 
Special Publication No. 3; pp. 144; London: H.M. 
Stationery Office, 1950; 3s. 6d.). The developments 
described include those connected with magnetic 
ceramics, ceramic materials of high permittivity 
for condensers, filter tiles and candles, special thin 
ceramics, and ceramics for electronic apparatus such 
as metal-ceramic valves for short-wave radio sets, 
radio antennz, co-axial cables and semi-conductors. 
One German firm developed a technique whereby 
ceramics as thin as 0-3 mm. could be produced. The 
powder is placed in the mould in the usual way and 
lightly compressed so that it fits the mould evenly. An 
organic material such as camphor is spread over the 
surface of the ceramic, and the whole is then given 
the maximum compression of the machine. This 
enables the article to be handled in the unfired state 
without danger of breakage, and the organic material 
is volatilized on firing. ‘Calit’, the trade name 
for a special steatite, has been prepared in sheets 
ranging down to 0-1 mm. in thickness by casting a 
slurry on an endless belt of nitrocellulose. When the 
film is half-dried on the belt, it is cut to the desired 
shape. The principal difficulty is in firing, because of 
a tendency to warp. 


British Industry during the Past Century 


In his Trueman Wood Lecture, ‘1851-1951: A 
Century of British Industry’’, to the Royal Society 
of Arts on January 17, Lord McGowan said that, in 
spite of its success in the past hundred years, British 
industry has been forced to surrender the industrial 
crown to the United States, as was foretold by “he 
Economist in March 1851. The people of Britain, he 
said, have ‘not, however, yet discovered all their 
natural wealth, and, though they are second to none 
for richness of invention, they frequently fail in 
visualizing the potential of the fruits of research and 
in giving them practical application in industry. A 
national policy to ensure the practical application of 
science to industry involves a radical shift in the 
balance of the educational system. It means up- 
grading technical colleges to share with the univer- 
sities the burden of the increased technological 
training and also seeing that, when the larger number 
of trained men and women are forthcoming, they are 
absorbed into industry and used to the best purpose. 
If the British educational system were to put greater 
emphasis on the practical application of science, 
Lord McGowan said, it would help to mould the 
outlook of management along the desired lines. 


Appointments in the Colonial Service 


THE new edition of “‘Appointments in His Majesty’s 
Colonial Service” (pp. 125; London: H.M. Stationery 
Office, 1950; 2s. net) lacks the foreword contributed 
to the 1950 edition by the Secretary of State for the 
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Colonies, but is otherwise arranged on similar lines. 
There is no further information indicating the pro- 
portion which scientific and technical persons now 
bear to the Service as a whole, but in issuing the 
pamphlet the Colonial Office Information Department 
states that outstanding vacancies are now less than 
a thousand—the lowest level since the end of the 
War—and that about 1,290 men and women were 
selected for higher posts in the Service during the 
first nine months of 1950; this figure compares with 
1,414 in the whole of 1949, 1,163 in 1948 and 1,169 
in 1947. Some sixty per cent of the vacancies are 
for posts in Africa. The medical service, which 
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requires some two hundred vandidates, and the 
engineering and education services. which each 


require a hundred and fifty, are the branches with 
greatest need for candidates, and medical prac- 
titioners are needed most in Malaya and East and 
West Africa. The information regarding opportunities 
offered and conditions of service is again supple- 
mented by a list of sources of information for certain 
appointments not within the Colonial Service and an 
excellent list of recommended books about the 
Service and the Colonies. 


Physical Society’s Annual Exhibition 


IN connexion with the Physical Society’s forth- 
coming annual Exhibition of Instruments and 
Apparatus, to be held during April 6-11 (excluding 
Sunday) at the Imperial College of Science and 
Technology, Exhibition Road, London, S.W.7 (see 
Nature, January 13, p. 61), the following discourses 
will be delivered: April 6 at 6.15 p.m., “Electric 
Currents in the Sea”, by Dr. G. R. Deacon; April 9 
at 6.15 p.m., “The Age of Newton’, by Dr. D. 
McKie; April 10 at 6.15 p.m., “The Friction of 
Metals, Non-Metals and the Influence of Surface 
Films”, by Dr. F. P. Bowden ; April 11 at 3.45 p.m., 
“The Light Division of the National Physical Labor- 
atory”, by Dr. L. A. Sayce. Further details of the 
Exhibition can be obtained from the Physical Society, 
1 Lowther Gardens, Prince Consort Road, London, 
S.W.7. 


Exhibitions in Paris of Scientific Instruments 


THE forty-eighth annual Exhibition of Scientific 
Instruments and Apparatus organized by the French 
Physical Society will be held, as in previous years, in 
Paris at the Sorbonne, during May 11-12 and 15-17 
at the following times: 2.30-6.30 p.m. and 8.30- 
ll p.m. On the same days and at the same times, 
an exhibition of British scientific research instruments 
will be held independently at the Sorbonne, in which 
university and government laboratories as weil as 
private British industrial firms will participate. The 
address of the committee in charge of the French 
Exhibition is 12 rue Cuvier, Paris, 5°. 


University of Birmingham 


Dr. W. E. BurcHaM, at present lecturer in physics 
in the Cavendish Laboratory, Cambridge, has been 
appointed professor of physics in the University of 
Birmingham. Dr. A. J. Francis has resigned his 
lectureship in civil engineering in the University on 
appointment as professor of civil engineering in the 
University of Melbourne. The following have recently 
been appointed lecturers at Birmingham: D. F. 
Bracher (physics), H. V. Hill (civil engineering) and 
W. M. Gorman (statistics). The degree of D.Sc. has 
been conferred on I. A. Preece for work on industrial 
fermentation. 
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Announcements 


H.R.H. THE DUKE OF EDINBURGH has been elected 
an Honorary Fellow of the Royal Society of Edin 
burgh. 


Dr. A. M. BALLANTYNE, senior lecturer in the Civil 
and Municipal Engineering Department of University 
College, London, has been aj:pointed to succeed 
Captain J. Laurence Pritchard as secretary of the 
Royal Aeronautical Society. Dr. Ballantyne will 
take over his duties on July 2. 


RaMsSAy MEMORIAL FELLOWSHIPS are being offered 
for chemical research, one of which is limited to 
candidates educated in Glasgow. Their value is £400 
@ year, with a grant for research expenses not 
exceeding £100 a year, and they are normally tenable 
for two years. Application forms (to be completed 
by April 17) can be obtained from the secretaries of 
the Ramsay Memorial Fellowships Trust, University 
College, London, Gower Street, W.C.1. 


THE Medical Research Council is offering a number 
of fellowships for medical graduates with a year of 
clinical experience to make further studies preparatory 
to undertaking clinical research. The fellowships are 
for the academic year, beginning in October, and are 
renewable for a further two years. Their value is 
£850-£1,000. Forms of application (to be completed 
by April 30) can be obtained from the secretary of 
the Medical Research Council, 38 Old Queen Street, 
London, 8.W.1. 


THE Ministry of Agriculture and Fisheries is 
offering the following scholarships for rural workers, 
or the children of rural workers, of seventeen years 
of age or more: ten senior scholarships, tenable at 
universities or colleges, for degree or diploma courses 
in an agricultural subject or veterinary science ; 
sixty junior scholarships (and six extensions for 
existing holders), tenable at farm institutes or similar 
institutions, for one-year courses in agriculture, 
horticulture, dairying or poultry husbandry. Selec- 
tion is by interview only. Further information and 
application forms (to be completed by March 31) can 
be obtained from the Secretary (Room 314), 1 Cam- 
bridge Terrace, Regent’s Park, London, N.W.1, or 
from the education offices of County Councils. 


THE National Physical Laboratory, Teddington, is 
holding its ‘Open Days’ for industrial representatives 
during May 28-29 from 10.30 a.m. to 5.30 p.m. 
These ‘Open Days’, held this year in conjunction 
with the Festival of Britain, are an opportunity for 
scientific and technical workers in industry to see 
the research work and special investigations under- 
taken at the Laboratory. Tickets are available for 
accredited representatives of industrial organizations, 
and can be obtained by writing to the Director, 
National Physical Laboratcry, Teddington, Middle- 
sex, not later than May 8, indicating the day of 
choice. 


A JUNIOR study course of lectures for beginners in 
information and special library work, similar to that 
held in previous years, has been organized by Aslib 
and will be given at Chaucer House, Malet Place. 
London, W.C.1, during April 9-14. In addition to 
the five formal lectures, visits to places of interest 
and discussion groups will be arranged. The fee for 
the course is 2 guineas (single day, 14s.) with a non- 
member surcharge of 10s. Further details can be 
obtained from Aslib, 4 Palace Gate, London, W.8. 
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LEVEL OF ABSENCE IN BRITISH COAL-MINES, 1913-50 
By HILDE BEHREND 


University of Birmingham 


HE coal shortage and the fear of a fuel crisis 

in Britain have once more brought conditions 
in the coal-mines into the news, and bitter feel- 
ings are voiced about absenteeism in the collieries. 
Many people attack the miners for their alleged 
‘irresponsibility’ while others defend them equally 
warmly. It is therefore of considerable interest to 
study the trend of absence in the coal-mines. 

Data' on the number of man-shifts lost in British 
coal-mines are available from 1922 onwards, as 
well as estimates for the years 1913-20, and make 
it possible to study the level of absence during the 
past thirty-seven years. The percentage absence- 
rates for all .wage-earners on the colliery, books are 
presented in the accompanying graph, which also 
shows the average earnings per man-shift (cash 
earnings plus value of allowances in kind). 

It can be seen that absence in the coal-mines was 
fairly high during the First World War, rose sharply 
in 1918, and fell after the transition period. During 
the inter-war years it maintained a fairly low and 
steady level, reaching a minimum of 5-4 per cent 
during the worst year of the depression in 1932, when 
unemployment was at its worst. For the twelve 
years 1927-38 inclusive, the average total absence- 
rate in the British coal-mines was 6-3 per cent and 
the deviations from this average were very small, 
between 0 and 0-9 percentage points. During most 
of this period, there was a very high rate of un- 
employment among coal-miners (28 per cent in 1935) 
and only a limited number of weekly shifts were 
worked. The fear of unemployment is likely to have 
acted as a strong deterrent to voluntary absenteeism. 
Even sickness absence may have been kept arti- 
ficially low, as it is said that the sick miner tended 
to go to work—if he could do so—rather than run 
the risk of dismissal. 
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During the Second World War, when unemploy- 
ment was replaced by full employment and workers 
were compulsorily directed into the mines, the level 
of absence rose steeply. This phenomenon of rising 
absence-rates was not confined to the mines, but 
was experienced in all the manufacturing industries, 
where the peak was reached at the end of the War 
in 1945 and 1946. In 1947, when the coal-mines 
were nationalized and the five-day week was intro- 
duced, the absence-rate in the coal-mines fell by 
3} percentage points to 12-4 per cent and has 
remained at a level of about 12 per cent since. A 
similar drop in absence-rates occurred in the manu- 
facturing industries in 1947 when the five-day week 
was introduced, and they too have experienced only 
small changes in the level of absence since 1947. 

An analysis of voluntary and involuntary absences 
shows that almost half the absences in the coal- 
mines during 1944-50 were due to voluntary 
absenteeism, as can be seen from the following 
figures : 


Voluntary 
absence-rate % | 
(absence for 


Involuntary Voluntary 
absence-rate % absence as a 





Year which no | (absence mainly percentage of | 
satisfactory | due to sickness) total absence 
reason is given) | 
1944 5-6 8-0 41 
1945 71 9-2 j 43 
1946 8-4 76 53 
1947 6-4 6-0 52 
1948 6-0 5-6 52 
1949 5-4 6-9 44 
1950 5°1 70 42 
| (first 10 
|} months) | 


The involuntary absence-rate is very high com- 
pared with other industries. Figures published by 
the British Institute of Manage- 
ment for 1949 showed certified sick- 
ness absence-rates of 1-0-4-8 per 
cent for men in varying manufac- 
turing plants. The higher incidence 
of disease (and accidents) in the 
mines must be largely attributed to 
the nature of the work. Old age 
among workers, which is often a 
cause of high sickness absence, does 
not appear to be a contributory 
factor. At the end of 1948, 30-5 per 
cent of the wage-earners in the coal- 
mines were less than thirty-one 
years of age, 46-7 per cent were be- 
tween thirty-one and fifty-one years 
of age, and 22-8 per cent were more 
than fifty-one years. This would not 
appear to be an unusual age-distri- 
bution compared with factories. 

Whatever the causes, there is no 
room for complacency about the 
high level of sickness or voluntary 
absence in the coal-mines. High 
sickness absence means @ con- 
siderable sacrifice in health on 
part of the worker, and 
everything possible should be done 
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to reduce this or to compensate him for it. High 
voluntary absenteeism, on the other hand, hits the 
rest of the community severely through the loss of 
potential output of coal. 

The high level of absence in the coal-mines thus 
raises two problems: (1) Can anything more be done 
than is being done already to improve and maintain 
the health of the miner? (2) Can anything be done 
to reduce voluntary absenteeism ? 

The answer to the first question rests largely with 
the medical authorities responsible for the mines, 
although research into a number of questions would 
be of general interest. For example, it would be 
interesting to know whether sickness absence is con- 
fined to only a proportion of miners or affects all 
miners, and whether mechanization and the working 
of longer or more shifts have an adverse effect on 
health. Figures for the average number of shifts 
worked per wage-earner show that the highest number 
ever achieved was 5-37 shifts in 1941 out of a possible 
of 5-91 shifts, so that the target of 5} shifts a week 
may be too high. 

The answer to the second question, the reduction 
of voluntary absenteeism, is of vital importance for 
Great Britain. Avoidable absence of 5-1 per cent 
means with a five-day week an average annual loss 
of 13 man-shifts per man*. With a labour force of 
686,000 men and an output per man-shift worked of 
1-22 tons (as in November 1950) this means an 
annual loss of 10-9 million tons of potential output 
of coal. At a time when stocks at the coal merchants 
amount to only 11 million tons, Great Britain cannot 
well afford to lose these extra 10 million tons of coal, 
which would be sufficient to bridge the worst gaps 
in the coal stocks and to provide a safety margin 
against an acute coal-shortage. 

A practical policy to reduce absenteeism is there- 
fore highly desirable, particularly as exhortation and 
promises are usually only effective for a short period. 
Financial incentives are often considered the simplest 
policy. This is illustrated by the fact that the miners 
have been granted a pay-increase of about seven 
shillings a week as a result of the present emergency. 

The success of this policy, however, is doubtful. 
\s the graph shows, the level of absence rose at the 
same time as earnings, and one wonders whether it 
rose in spite of, or because of, increased earnings ? 
Many authorities argue that there is a direct cor- 
relation between earnings and absenteeism. The 
vorker, it is said, has a fixed standard of living, and 
s content when his earnings are sufficient to main- 
tain this standard*. He will therefore choose leisure 
in the form of voluntary absenteeism when he has 
achieved his set target of earnings. The comparison 
f the absence-rates and the average earnings in the 
coal-mines seem to support this theory. Face workers, 
who have higher earnings than the other miners, also 
have higher absence-rates. Income tax acts as a deter- 
rent to additional effort. If one accepts these argu- 
ments, one must expect that a straightforward pay- 
increase, like the present one, may tend te increase 
absenteeism rather than the desire to work. Even the 
existing bonus system introduced in May 1947 by 
which the worker who has worked five consecutive 
shifts receives pay for six shifts does not appear to 
have had very much effect in reducing absenteeism, 
although there has been a steady drop in voluntary 
absences since 1946. Experiments with an extension of 
the bonus system for good attendance may, however, 
be well worth while. The present system lays no 
emphasis on continued good attendance. A worker 
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who works three shifts in one week and five in the 
next receives the bonus in the second week. Once 
he has been absent, he has no special incentive to 


attend the remaining four shifts. An additional 
monthly (or annual) bonus for continued good 
attendance may be worth trying. Any worker who 
has not been absent from work or who has only 
been absent due to certified sickness would qualify 
for the bonus. A worker who has been absent without 
excuse might still qualify for a reduced bonus, while 

the recurrent offender forfeits his claim to it. A 

further incentive could be given to the bonus by 

exempting it from income-tax. If financial incentives, 
however, should prove unsuccessful, other incentives 
will have to be found. 

* The figures in this article are based on statistics published by the 
Ministry of Fuel and Power in the Statistical Digest, 1945 and 
1949. The data for 1950 and for voluntary and involuntary 
absence are taken from the Ministry of Labour Gazette, and the 


unemployment-rate was calculated from the unemployment 
figures in the Annual Abstract of Statistics, 1948. 

* This average does not mean that every miner stays away volun- 
tarily. Avoidable absenteeism is usually confined to a certain 
percentage of the working oo 
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PERMEABILITY OF 
MITOCHONDRIA 


By Pror. CHR. de DUVE, J. BERTHET, 
L. BERTHET and F. APPELMANS 


Laboratory of Physiological Chemistry, University of Louvain 


N studying the distribution of some rat-liver phos- 

phatases by means of differential centrifugation, 
we have found that the unspecific acid phosphatase 
of the liver is associated to a large extent (at least 
60 per cent) with the mitochondria, in a 0-25 M 
sucrose homogenate prepared by the Potter-Elvehjem 
method. 

The bound enzyme has two interesting properties : 
(1) it can be detached very easily from the mito- 
chondria, after which it appears mostly in soluble 
form; (2) it has very little, if any, activity towards 
added glycerophosphate at pH 5 

Analysis of the results of distribution experiments 
further indicates that the bound form is probably 
the only one existing in the intact cell and that the 
activity found in other fractions is due, partly to 
contamination of these fractions by intact mito- 
chondria, and partly to accidental release of the 
enzyme during the homogenization and fractionation 
procedures. 

When kept at low temperature in salt-free 0:25 M 
sucrose, the complex is very stable. Release of the 
enzyme may be provoked by a number of means: 
for example, repeated freezing and thawing, short 
treatment in the Waring blendor, incubation at 38°, 
exposure to media of low tonicity or to small amounts 
of saponine or deoxycholate. The phenomenon can 
be easily studied in a quantitative manner by 
measuring the amount of free acid phosphatase 
present in the supernatant fluid, after centrifuging 
off the mitochondria. 

The behaviour of the complex in media of different 
composition is of particular interest. The curves of 
the accompanying graph represent the rate of release 
of the enzyme from washed rat-liver mitochondria, 
kept at 0° in six different media. Curve 1 illustrates 
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the great stability of the complex in 0-25 M sucrose, 
curve 2 the rapid release in distilled water (actually 
0-01 M sucrose, since the experiment is made on a 
twenty-five-fold dilution of a 0-25 M sucrose sus- 
pension of mitochondria). Curves 3 and 4 indicate 
that the enzyme is also liberated at a rapid rate when 
the mitochondria are suspended in 0-15 or 0-44 M 
sodium chloride. That this process is not due to a 
direct action of the salt is demonstrated by curve 5, 
which shows that 0-44 M sodium chloride does not 
increase the rate of liberation of the enzyme, when 
present together with 0-25 M sucrose. Only a slight 
initial increase in soluble activity is observed in the 
latter case—a phenomenon which has been shown 
to consist simply in the elution of some active enzyme 
adsorbed on the surface of the mitochondria. 

If sodium chloride has little action by itself, then 
the rapid release observed with sodium chloride alone 
can only be due to the absence of sucrose, and one is 
led to the conclusion that the release of the enzyme 
is the consequence of an osmotic distension or dis- 
integration of the mitochondria, and that the great 
difference between the effects of salt in the presence 
and in the absence of sucrose is due to the fact that 
sucrose is capable of maintaining an effective osmotic 
pressure in the surrounding medium, whereas sodium 
chloride is not. 

An additional argument in favour of this inter- 
pretation is provided by the behaviour of the complex 
in the presence of glycerophosphate. It has already 
been mentioned that the mitochondria-linked phos- 
phatase has little or no activity towards added 
glycerophosphate at pH 5. This fact does not neces- 
sarily imply that the bound enzyme is inactive per se. 
It could also be that the enzyme is prevented from 
acting on its substrate, owing to the inability of the 
latter to penetrate inside the mitochondrial unit. If 
this explanation be true, 0-25 M glycerophosphate 
should be able to replace 0-25 M sucrose in preventing 
the escape of the enzyme. Curve 6 in the graph shows 
that such is indeed the case. 

A few other substances have also been tried. To 
date, none as effective in protecting the complex as 
sucrose or glycerophosphate has been found. A very 
slow but appreciable rate of release is observed in 
sodium sulphate, a slightly faster one in glucose. On 
the contrary, rapid liberation occurs in isotonic or 
hypertonic potassium chloride, sodium acetate and 
glycerol. In complete liver homogenates, the complex 
is also more stable in 0-25 M sucrose than in 0-15 M 
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potassium chloride, but the rate of release in the 
latter is much slower than with washed mitochondria. 
It has not yet been ascertained whether this difference 
is due to the presence of protecting substances in the 
homogenate or to the fact that the permeability of 
the mitochondria is modified by washing. 

The structure of mitochondria has given rise to 
many discussions in recent years. In particular, it is 
still a debatable point whether they should be viewed 
simply as aggregates of various particulate and non- 
particulate elements, or whether they are surrounded 
by a regular membrane, possessing selective perme- 
ability properties and separating an internal content, 
which might be partly fluid in nature, from the sur- 
rounding cytoplasmic medium. In so far as the results 
presented here are applicable to all the large granules 
commonly called ‘mitochondria’, they appear to argue 
strongly in support of the latter view. While not 
directly demonstrating the existence of a morpho- 
logically distinct membrane around the mitochondria, 
they suggest at least that these ‘organites’ must be 
considered as osmotically active systems with 
selective permeability properties. 

From the dynamic point of view, there is no real 
difference between the two concepts. If the structure 
of mitochondria is such that a number of substances 
may be prevented from freely diffusing inside or 
outside the complex, it is reasonable to assume that 
this property may play an important part in determ- 
ining a compartmentation of the cellular contents, 
and that important exchanges may take place, across 
the ‘mitochondrial membrane’, whatever its actual 
structure may be, between the two zones it tends to 
separate. Direct evidence is presented here that this 
compartmentation may result in the inability of an 
‘intramitochondrial’ enzyme to attack a substrate 
present in the ‘extramitochondrial’ medium. 

A detailed account of these investigations will 
shortly be published elsewhere. The expenses of this 
work were covered by a generous grant from the 
Lilly Research Laboratories, and by additional sub- 
sidies from the Fonds National de la Recherche 
scientifique and the Centre National de Recherches 
sur la Croissance normale et pathologique. These are 
here gratefully acknowledged. [Oct. 9. 
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A PHENOMENON OF SUCCESSIVE 
IGNITIONS 


By Dr. P. G. ASHMORE 
AND 
Pror. R. G. W. NORRISH, F.R.S. 


Department of Physical Chemistry, University of Cambridge 


N interesting phenomenon has been observed in 

the oxidation of dry carbon monoxide under cer- 
tain conditions. More than one hundred successive 
ignitions, lasting several minutes in all, have been 
counted on occasions. These successive ignitions 
were first observed in 1939 during the course of 
investigations of the action of chloropicrin vapour 
upon the oxidations of hydrogen, methane, hexane 
and carbon monoxide. In any appreciable quantity, 
chloropicrin vapour eliminates the low-pressure 
ignition peninsula of carbon monoxide and oxygen, 
an inhibition which is in marked contrast to the 
sensitizing effect of the vapour upon the other 
oxidations'. The curves of Fig. 1 show the effect of 
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‘ig. 1. Ignition boundary for a 2:1 mixture of carbon monoxide 

ind oxygen: , at a pressure of 100 mm. mercury; 

—@——.,, at a pressure of 200 mm. _ [Ignition occurs to the left 
of each boundary 


chloropicrin upon the ignition temperature of a 
2:1 mixture of carbon monoxide and oxygen 
(2CO + O,) at pressures of 100 mm. and of 200 mm. 
of mercury in a cylindrical quartz vessel 20 mm. in 
diameter. The boundaries were determined by 
admitting the premixed gases to the preheated vessel. 
When carbon monoxide and oxygen only were pre- 
mixed and admitted to a reaction vessel in which 
investigations with chloropicrin had been previously 
made, the initial blue flash was followed by a series 
of separate and distinct flashes each accompanied by 
a sharp fall in pressure. Sample pressure-time curves 
for two runs in different cylindrical quartz vessels 
(20 mm. and 33 mm. diameter) are shown in Fig. 2. 
Similar curves were obtained in the same circum- 
stances with the 20-mm. vessel for 1:1 and 2:1 
mixtures of carbon monoxide and oxygen with 
various total pressures between 35 mm. and 150 mm. 
at 700°C. This is well inside the low-pressure ignition 
peninsula normally found for pure carbon monoxide 
and oxygen, the upper and lower pressure limits 
being about 480 mm. and 14 mm. respectively at 
700° C. 

No particular difficulty was found in demonstrating 
these successive ignitions, provided that the tempera- 
ture and pressure were in the correct region. For 
example, they appeared if an excess pressure of the 
reactant mixture was admitted to the reaction vessel 
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rig. 2. Two curves showing successive ignitions. Curve A in 
20-mm. diameter vessel at 775°C. Curve B in 33-mm. diameter 
vessel at 750° C. 
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and then withdrawn to the correct pressure. The 
intervals were shorter at lower pressures and at 
higher temperatures in the smaller vessel. At higher 


pressures, the flashes towards the end of a run 
remained discrete but became too faint to be ob- 
served ; at lower pressures they merged into a long 
pulsing glow, followed by a slow reaction. When 
this smaller vessel was removed and washed, and 
the apparatus cleaned and the taps regreased, how- 
ever, the ignitions could not be found again. Fresh 
samples of carbon monoxide and oxygen were tried 
without success. The addition of 0-01 per cent and 
1 per cent of hydrogen and of water vapour to the 
reactants was tried, and also the effect of 5, 10 and 
20 per cent of nitrogen. The only effect of these 
additions was to increase the percentage combustion, 
and to brighten the glow, immediately upon ad- 
mission, with no sign of successive ignitions. Experi- 
ments carried out to check the results shown in 
Fig. 1 gave substantial confirmation. After these 
experiments involving the use of chloropicrin, the 
successive ignitions were found again when carbon 
monoxide and oxygen mixtures were admitted to 
the vessel. 

This work was of necessity stopped in 1940; but in 
recent experiments, with a fresh apparatus, the 
successive ignitions have been found again. About 
thirty runs with a 2: 1 mixture of carbon monoxide 
and oxygen were carried out in the clean apparatus 
and the successive ignitions were not observed. 
Chloropicrin vapour was then admitted to the appar- 
atus for a short time and removed. After several 
abortive runs with the same mixture, the successive 
ignitions were once more observed. The frequency 
of ignitions was not very constant from run to run, 
varying from 2 sec. (accompanied by very small 
pressure changes) to 2 min. (accompanied by large 
pressure changes). Successive ignitions were scen at 
830° C. (between 200 mm. and 100 mm. of 2CO+0,), 
670° C. (160 mm. of 2CO+0,), and 780° C. (160 mm. 
of 2CO+0,). 

Successive ignitions have been previously reported 
during the oxidation of hydrogen sulphide* and in 
the decomposition of chlorine dioxide in the presence 
of oxygen* and in the decomposition of nitrogen 
trichloride‘. 

The successive ignitions reported here seem to 
occur only after the apparatus has been exposed to 
chloropicrin vapour. One possible explanation of the 
action of the chloropicrin is that minute traces of 
the vapour are given off from chloropicrin absorbed 
in the ‘Apiezon’ grease on the taps. These traces 
of vapour would be carried into the reaction vessel 
with the reactant mixture, and decompose to give 
carbonyl chloride, nitrosyl chloride, carbon mon- 
oxide, nitric oxide, chlorine and (in the presence of 
oxygen) carbon dioxide and nitrogen dioxide. During 
an ignition, various equilibria between these decom- 
position products (such as 2NOCI] = 2NO + Cl,) will 
be disturbed, since the flame teraperature exceeds 
the furnace temperature. One or more of these 
equilibrium displacements may yield sufficient in- 
hibitor to quench the ignition. As the mixture then 
cools to furnace temperature, the reverse change in 
the equilibrium may remove enough of the inhibitor 
to allow another ignition to occur, whereupon the 
process will repeat itself. 

Alternatively, because of the decrease in pressure 
during each ignition, there will be a small mass flow 
into the reaction vessel of reactants and other sub- 
stances present. This may result in the temporary 
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Fig. 3. The reaction vessel (to the right) can be cut off from the 


dead space by the seal A. The pointer B shows when the seal is 
under pressure 


inerease in concentration of some inhibitory decom- 
position product of the chloropicrin, which may 
quench the ignition and persist until it is itself de- 
stroyed, when a fresh ignition will occur and the 
cycle of operations be repeated. It is possible that 
the inhibition occurs by reaction between the in- 
hibitor and hydrogen atoms or hydroxyl radicals 
which propagate the CO—O, chains in the presence 
of traces of hydrogen or water. Preliminary experi- 
ments with the vessel illustrated in Fig. 3 have 
shown that the interchange of reactants and products 
by counter-diffusion between the vessel and the dead 
space cannot be important, for the frequency of ‘fast’ 
successive ignitions was not materially changed when 
the seal A was closed and opened several times during 
a run. 

The chief difficulty at present is to get the successive 
ignitions with reproducible frequency from run to 
run, and it appears that considerable work would be 
necessary to achieve this and then to identify the 
cause of their appearance. [Nov. 13. 


' Ashmore, P. G., and Norrish, R. G. W., Proc. Roy. Soc., A, 208, 454 


(1950). 
* Thompson, H. W., Nature, 127, 629 (1931). Thompson, H. W., and 
Kelland, N. 8., J. Chem. Soc., 1809 (1931). 


* Schumacher, H. J., and Steiger, G., Z. phys. Chem., B, 7, 363 (1930). 
*Apin, A. J., Acta Physicochim., 18, 405 (1940). 


THE BRITISH COUNCIL 
ANNUAL REPORT FOR 1949-50 


NEW method has been adopted in compiling 

the annual report of the British Council for 
1949-50.* The main body of the report, which has 
been considerably shortened, consists of a series of 
erticles written by different hands, and covering in 
general terms, first, the work of the Council in the 
main territorial regions, and, second, its work in a 
number of special fields (such as the arts, the sciences 
and the teaching of English among overseas visitors 
in Britain) and books and periodicals. The detail 
omitted from the main text has been arranged in a 
series of tabular and statistical appendixes, among 
which those dealing with exchanges of periodicals, 
overseas lectures, tours and advisory visits, and over- 
seas visitors in Britain are of chief interest to the 
scientific worker. 

In the field of science the main objectives of the 
British Council are, first, to foster a closer co-operation 
between men of science of Great Britain and other 
countries, and, second, to promote a better under- 
standing of Britain by disseminating overseas a 
knowledge of British activities and achievements. 
The Government has limited the Council’s approach 
in this field to specialist and educational groups, and 


* British Council. Report for the Year 1949-1950. Pp. v+128. 
(London: British Council, 1950.) 
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much of the work of the Council in the sciences is of 
necessity carried out by the scientific printed word. 
Where British books can be freely obtained, the 
Council sends selected subjects to the overseas 
scientific press for review, and 4,091 reviews, besides 
many simple notices, appeared of the 5,242 copies of 
scientific works sent overseas for this purpose during 
1949-50. Special exhibitions are arranged of scientific 
books or periodicals, and a monthly list of new 
British medical publications receives wide distribu- 
tion. Selections from the three hundred most 
important British periodicals devoted to the sciences 
and the publications of learned societies are sent to 
the overseas libraries of the Council or are presented 
to university and other libraries, specialist institutions 
or other places where they are certain to be read 
by those who are interested but to whom they would 
not otherwise be available. The Council has also 
assisted in negotiating exchanges between overseas 
periodical publications and their nearest British 
equivalents. 

Besides its British Medical Bulletin and Britisi 
Agricultural Bulletin, the Council has compiled. 
primarily for its own use, @ list of the departments. 
personnel and subjects of research in British univer- 
sities under the title “Scientific Research in Britain’. 
The outside demand for copies of this publication 
became so great in 1949 that arrangements have been 
made for its future publication by the Department of 
Scientific and Industrial Research, although the 
Council will continue to collect and collate the 
material. On the other hand, for reasons of economy, 
British Science News was to be discontinued from 
the end of 1950. The Information Service supplied 
more than two thousand reprints during the year. 
as well as an average per week of four complete 
bibliographies on defined subjects; it also initiated 
a scheme whereby men of science in Scandinavia can 
have their original work, when it is to be published 
in the English language, checked by a British 
specialist in the same subject, so as to ensure that 
the work is fully readable and that there is no tech- 
nical ambiguity or lack of clarity. During the year, 
the Council completed a series of six colour films for 
specialist audiences entitled “Plastic Surgery”’ as well 
as a film “Bronchography’’. Increased use of Council 
facilities for encouraging direct contacts between men 
of science and scientific bodies at home and overseas 
was made by such bodies as the Medical Research: 
Council, the Atomic Energy Research Establishment 
and the National Institute for the Deaf, and during 
the year most of the universities, learned societies 
and other institutions in the northern European 
countries have agreed to the co-ordination of British: 
lecturers in the sciences, whom they themselves invite. 
by the Council. The British Middle East Office 
commented that the tour of the Middle East by 
C. V. B. Herford, director of the Pest Infestation 
Laboratory, has done a great deal to cement Anglo- 
Egyptian friendship and to stimulate interest in a 
subject of great importance. 

Approximately half the holders of British Council! 
scholarships are postgraduate students in the sciences, 
mostly engaged in advanced medical studies. Among 
the courses organized by the Council, the sciences are 
represented chiefly by those on agricultural and 
engineering subjects. Overseas authorities often 
request the assistance of the Council in suggesting 
suitable British candidates to fill posts in their own 
scientific organizations, or to recommend British 
candidates for scholarships they offer. The Council’s 
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chief contacts with the overseas scientific workers, 
however, are through its own scientific staff, and 
special mention is made of the science officers who 
are sometimes attached to the Council's repre- 
sentatives, and who are selected for their wide 
interests in the sciences rather than their specialized 
knowledge of a particular science. The report also 
refers to a tour of Scandinavia by the administrator 
of the science group, and of Cyprus, Turkey and 
Yugoslavia by the director of the agriculture section, 
both of which are likely to lead to improved scientific 
co-operation with Britain. 

The Council is engaged in other work which has 
claims on the interest of the man of science, besides 
that described in this section of the report. These 
claims are well put in the chapter dealing with the 
Council’s work in Europe, which summarizes its 
activities as an attempt to help in building up a live 
cultural community wherever the free circulation of 
ideas is permitted. This entails making freely available 
the thought, creations and discoveries of Great Britain 
and welcoming widely the contributions of others. 
No work of the British Council is more important 
than its efforts to effect this by a deliberate promotion 
of human and personal, as well as professional, inter- 
course between the British and other peoples. 
Nevertheless, the expenditure of public money upon 
the two-way traffic of visitors to and from Great 
britain can only be justified by careful selection over 
a limited range of countries and subjects if any 
lasting impression is to be made, and the Council has 
done well in this report to indicate the broad prin- 
ciples upon which selection is strictly based. 

Of the 1,850 overseas visitors from European 
countries during the year, about half came from 
northern and western Europe to join Council courses 
for practical study in such subjects as the teaching 
of English, local government, fruit-growing, nursing 
and safety at sea. The rest of those assisted by the 
Council were chosen by joint committees sitting in 
each country after asking three basic questions: In 
what subjects has Britain the most progress to show 
and most useful knowledge to put into the general 
stock ? What aspects of Britain is it most vital for 
serious students to know at first hand ? And how 
can the British most effectively help in meeting the 
needs and problems of each of the foreign countries 
concerned ? The same principles are applied in the 
choice of lecturers proceeding overseas, and the 
report points out that, besides the extension of 
knowledge or appreciation and the widening of pro- 
fessional interests and understanding, this two-way 
traffic stimulates a sense of community and thus 
contributes to that slow growth of a community sense 
which is the only hope of peace. 

The Council considers that it is still too early to 
report on what has been done to discharge the new 
responsibilities for overseas students taken over on 
January 1, 1950, at the request of the Secretary of 
State for the Colonies. Accommodation is recognized 
as the key to the problem; but for its solution the 
Council will require both the generous assistance 
which the voluntary bodies working in this field have 
already cffered and the help of many thousands of 
private families. While the awards under the short- 
term bursary scheme increased from 105 to 125, 
scholarships for postgraduate study decreased from 
361 to 275. As regards individual overseas visitors 
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to Britain, although the numbers increased, less than 
one-third now receive some financial assistance and 
that on a more modest scale. More work of this type 
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is now done by the Council on an agency basis for 
the British Government and for the United Nations, 
and about two hundred such awards were made for 
study in Britain during the year. A further small 
group of visitors comes under two university inter- 
change schemes: one for the interchange of visiting 
lecturers, in which Belgium and the Netherlands have 
participated ; and one under which the Council offers 
travel grants to university teachers or officers of the 
Commonwealth on recognized study leave, to dis- 
tinguished scholars and men of science invited by the 
Commonwealth universities for short visits and to 
postgraduate research workers holding research grants. 

It appears from this report that much of the more 
valuable work of the Council is that which it does 
indirectly, and that in general such indirect work 
offers less risk of overlapping or duplication of effort. 
This is notably true in regard to the interchange 
work, and concentration of its efforts on making 
interchanges easy would provide an effective reply 
to the bulk of the criticism which is attracted by 
expenditure of some £3 million of public money on 
its work. To some extent the Council does not fully 
contro] this expenditure, since the Secretary of State 
for Colonial Affairs is responsible for determining 
what work shall be undertaken by the Council in the 
Colonies, although increased contributions of £343,104 
and £102,369 from that source and from the Common- 
wealth Relations Office, respectively, were received 
against increased commitments. The gross expendi- 
ture for 1949-50 was £3,271,742, against which 
£417,984 was received from the Council’s activities, 
and of this gross expenditure £1,603,000 was incurred 
overseas. The increased cost of travelling and of 
subsistence allowance necessitated an increase of 
£44,000 on the 1948-49 provisions, and a further 
£10,000 for scholarships. Provision for visitors was 
reduced by £25,000 and publicity by £64,000. The 
devaluation of sterling increased the planned expendi- 
ture for the remainder of the financial year by an 
estimated £117,000, and it was necessary to ensure 
sufficient savings to cover this sum as well as to 
provide in the 1950-51 estimates for further reductions 
of £325,000 in the provision for work in foreign 
countries. 


ROTHAMSTED EXPERIMENTAL 
STATION 


Py in the reports of previous years, the annual 
report for 1949 of the Rothamsted Experimental 
Station, Harpenden*, gives a brief statement of the 
origin and history of the Station, a list of its now 
extensive staff and also of the staffs of the Soil 
Survey of England and Wales, the Woburn Experi- 
mental Station, the Research Institute of Plant 
Pathology of the Imperial College of Science and 
Technology, London, and the Commonwealth Bureau 
of Soil Science—all of which are associated with the 
Rothamsted Station. There are reports of the work 
of all the different departments of the Station, fol- 
lowed by two special reviews, one on nutritional 
problems in forest nurseries and the other on the 
relation between soil cultivation and crop yields. 
There is appended a list of nearly two hundred 
current publications by members of the staff. 

In the whole work of the Station there is a happy 
combination of fundamental and applied work. The 


* Rothamsted Experimental Station. Report for 1949. Pp. 17s. 
(Harpenden Rothamsted Experimental Station, 1950.) 
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staff is obviously very much alive to current economic 
problems ; but it is equally concerned with the funda- 
mental considerations that these problems raise. 
Only a very few of the investigations can be men- 
tioned here ; but they exemplify the diversity of the 
work. 

The maximum transpiration of water by plants, 
and therefore the deficit of soil water, can be calcu- 
lated from meteorological data; experiments are 
recorded which show that the irrigation of sugar beet in 
a dry summer gave the most satisfactory results when 
the amount of irrigation water was based on these cal- 
culations. In the study of the heat balance of soil, 
it is shown that in the south of England only small 
amounts of solar energy are used, at any rate in 
some parts of the year, in warming the soil, and as 
much as a half may be used in transpiration. Further 
work is planned on the heat balance of the soil. 

Much work is devoted to the composition of the 
soil. Its mineralogy and the way in which nutritional 
elements are held in the crystal structure of clay are 
being studied. The reduction in soil under aerobic 
conditions has been shown to involve micro-organ- 
isms. Spectrographic work on soils, particularly—at 
the moment—in connexion with molybdenum, has 
just begun. 

Methods of counting the micro-organic population 
of the soil continue to be investigated. Microscope 
counts on the Broadbalk soils show higher numbers 
of both bacteria and actinomyces in the farmyard 
manure plot than in either the unmanured or com- 
plete ‘artificial’ plot, where the numbers are not very 
differont. 

Recent discussions on nitrification add to the 
importance of the study of this subject at Rotham- 
sted. In particular, it is interesting to note that a 
pure uncontaminated culture of .\ tresomonas oxid- 
izes ammonia as efficiently as the crude culture. 
The possibility of antibiotic control of fungal diseases 
of roots—at the moment the control of Fusarium by 
certain actinomyces—is under examination. There 
is also a good deal of work on the nodule organism, 
Rhizobium. 

The use of fertilizers, although a long-standing 
practice now, still calls for much work and for work 
requiring much patience. At Rothamsted the rates 
at which some nutritional elements are taken up, the 
most efficient placing of fertilizers and many other 
matters concerning the economic use of fertilizers are 
being investigated in field experiments. Important 
work has been commenced in connexion with this 
work on the use of radioactive tracers whereby the 
movements of elements can be determined. The 
reaction between excised roots and nutrient solu- 
tions, which has already been studied considerably 
in the United States and in Sweden, is a part of the 
Rothamsted programme. Among other things this 
work seems to show that the rate of uptake of 
fertilizer elements is dependent upon the carbo- 
hydrate content of the roots. The examination of the 
rate of respiration, in relation to uptake from 
solution, is likely to give some important results. 

The spraying of the leaves of some plants with 
sugar solutions under certain conditions confirms the 
conclusions of others that there is an increase in the 
dry weight of the plant. The explanation of this, 


however, does not seem to be quite simple and is 
being investigated. There is some very well-controlled 
work on germination which already shows, among 
other things, that there is a well-defined moisture 
potential below which seeds cannot germinate. 
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The electron microscope has been improved and is 
used in a number of investigations, among them the 
study of viruses and the determination of their size 
and shapes. Considerable work is being done on 
potato leaf roll and on some diseases of sugar beet. 
Laboratory work on these subjects is combined with 
field-work in which some of the spraying tests look 
like giving useful results. 

Considerable research is being done on nematology. 
This is comparatively new work, and it is good that 
the staff concerned are adding to their many investi- 
gations some instruction in plant and soil nematodes. 
They recently conducted a course at Cambridge, and 
a book on laboratory methods has been issued and 
an earlier book revised. A study of the migration of 
the potato eelworm has been begun, and in the field- 
work the influence of soil fumigants and of humidity 
is being examined. 

The migration of insects and the fluctuations of 
insect populations are being studied, and the relation- 
ships found between insect populations and weather 
are likely to have practical significance. The habits 
of bees in seeking food is a study that will be of 
value to bee-keepers. 

The statistical work at Rothamsted not only serves 
all departments in the design of work and the inter- 
pretation of results, but also is involved in col- 
laborative work both in Great Britain and overseas. 
Sample surveys were carried out with maincrop 
potatoes and of marginal land. 

There is no space adequate to summarize the two 
special reports named at the beginning of this note ; 
and the work of the farms at Rothamsted and 
Woburn, important as it is and covering a wide 
range, can only be mentioned. A special interest in 
these reports for 1949 is in the long summer drought, 
which seems to have had little effect on cereals but 
to have retarded the root crops. 


MARINE BIOLOGY IN GREAT 
BRITAIN — 


HE September number of the Journal issued by 

the Marine Biological Association of the United 
Kingdom contains ten papers of varied fare for 
marine biologists. 

The population dispersion of Tellina tenuis in the 
Exe Estuary was studied by Mr. N. A. Holme, who 
found that there was uniform distribution, with a 
spacing of about one inch. An artificial increase in 
numbers within an enclosed area resulted in the 
dispersal of the individuals, suggesting a correlation 
between position and the movements of the long 
inhalent siphons of the molluscs during feeding. 
Distribution relative to age and size was not con- 
sidered, as in Stephen’s Millport counts. It is inter- 
esting to record, however, that weather conditions 
markedly affect the Tellina population. Con- 
tinued gales churning up the sand in Kames Bay 
completely upset the expected counts in September 
last year. 

Messrs. E. W. Knight Jones and J. P. Stevenson 
investigated the gregarious tendency during settle- 
ment of the New Zealand barnacle Elminius modestus, 
which has settled for good in Great Britain and has 
spread rapidly along the south and south-east coasts, 
where it is a serious competitor for space with the 
spat on oyster beds. The cyprids settled in groups, 
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especially when recently fixed barnacles were present. 
This suggests an olfactory stimulus which can act at 
a distance. The range of dispersal is probably not 
great, since heavy settlement occurred only near 
previous barnacle groups. It is known that the cypris 
stage makes exploratory campaigns before finally 
settling. 

Chat the larve of some worms are sensitive to the 
physical nature of the substratum on which they 
settle was admirably shown by Wilson (1948). 
Messrs. H. Barnes and H. T. Powell have studied 
the settlement of barnacle and Pomatoceros larve on 
several types of glass fibre cloth, and found that 
these larve will not attach themselves to a staple 
cloth from which short fibres project in 1l-mm. 
lengths, though they will do so on a smooth or 
continuous cloth from which the long fibres do not 
project. Yubularia larynx, however, is unaffected 
by the variation in the surfaces of the cloths 
tested. 

Dr. J. A. C. Nicol has worked on the responses of 
Branchiomma vesiculosum to light. These tube worms 
live in groups in dark niches at extreme low tide, 
and in shallow water in estuaries. The branchial 
crown expands in light and in darkness, though 
feeding occurs during the day-time, the branchize 
being then turned towards the light. A worm 
removed from its tube turns away from the light. 
Response is most sensitive in weak light, to a decrease 
in light intensity but not to an increase, and to 
moving intensity changes such as the passing of a 
shadow, though the worms tire after repeated 
stimulation. It is suggested that the reaction to 
photic stimuli is partly a feeding response and partly 
a means of evading the attacks of predaceous flatfish, 
such as the sole and lemon dab, which bite off the 
branchial crown of an expanded worm. 

The life-history of many of the commonest marine 
animals is still imperfectly known, and it is sur- 
prising that Nereis diversicolor should have been one 
of these, until Dr. R. Phillips Dales studied its 
breeding habits on the Essex coast. Artificial 
fertilization provided the early stages up to the 
young chetigerous larve, which could then be 
recognized from filtered water in trenches dug in the 
muddy area in which the adult worm lives. Spawning 
occurred in the middle of February, the weak 
trochophores developing chzetz when about two 
weeks old, and living in the mud, where they crawl 
but retain their cilia and swim at intervals. They 
feed at about seven weeks, when ten chetigerous 
segments are developed, and wander in search of 
food. There is thus no pelagic larval stage, and it 
has long been known that the epitoquous stage is 
also absent from this species. The adult burrows in 
the mud at ten weeks old. 

The early stages and distribution of Octopus 
\ vulgaris are the subject of an interesting paper by 
Dr. W. J. Rees, illustrated by a photograph of the 
egg strings by Dr. D. P. Wilson, and by drawings of 
the larve by Mr. G. L. Wilkins. The range of the 
adult octopus is almost confined to the coast of the 
English Channel, and, since it does not normally 
| breed there, the British population is an immigrant 
one from warmer waters. Major H. W. Hall kindly 
jlent his motor yacht Manthine for the investigations 
}in the Channel, and young larve of the octopus were 
taken in plankton hauls to the north of the Channel 
Islands. The planktonic larval life probably lasts from 
one month to three months. Good weather conditions 
over a succession of years raise the sea temperature 
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just sufficiently to extend the breeding-range of the 
octopus, and may result in plagues along the south 
coasts of England, as occurred in 1899, 1900, 1913, 
1922 and 1948. 

Two papers on marine alge appear in the current 
number. Dr. W. A. P. Black has studied the seasonal 
variation in the cellulose content of common Scottish 
Laminariacee. He found that this increased with 
depth of immersion and with the season, the two 
maxima being in spring and autumn, the minimum 
in June and July. There is more cellulose in the stipe 
than in the frond. Comparing these results with the 
Fucacee, similar results were found for Fucus 
vesiculosus and F. serratus, but in Ascophyllum 
nodosum, F’. spiralis and Pelvetia canaliculata a more 
constant content obtains, though F’. spiralis shows a 
modification in summer owing to water intake 
preparatory to gamete shedding. 

Dr. M. Knight and Dr. M. Parke have made a 
careful study of Fucus vesiculosus and F. serratus at 
stations on the west coast of Argyll, the south-west 
corner of the Isle of Man and south Devon. In the 
last-named area the range extends to a lower level 
than in the more northerly stations. Plants of both 
species normally live three years, but there is a very 
heavy mortality-rate. Fucus vesiculosus reproduces 
in spring and summer, /’. serratus in autumn and 
winter, large plants producing at least a million eggs. 
After reproduction the part of the frond bearing the 
receptacle is shed, and new frondage is developed by 
dichotomous branching of non-fruiting fronds. The 
rate of growth varies with the environment and is 
least in exposed areas; but the rate of forking is 
encouraged by exposure. The repopulation of cleared 
areas is very rapid, despite the depredations of 
gastropod molluscs. Cutting of the weed yearly, or 
twice yearly as in France, produces less frondage 
than that arising from germlings. 

Dr. R. H. Millar describes a new didemnid tunicate, 
Lissoclinum argyllense, from Scotland, and Mr. 
P. S. B. Digby has investigated the life-histories of 
nine small planktonic copepods at Plymouth. Six of 
these are abundant in summer and produce five 
generations during the year; three commence 
breeding in August and produce three broods late in 
the year. Twenty tables of detailed results accompany 
this paper. 

Two welcome news items appear in the report of 
the Council. The Director’s monograph on the 
medusz of the British Isles is now in the press, and 
there is an increase in the number of members of 
the Marine Biological Association. N. B. EaLes 


RADIATION GENETICS 


HE application of nuclear energy on a large 

scale brings with it numerous problems, among 
which the most far-reaching is the biological and 
particularly the genetical aspect. It had already 
been shown in 1927 by H. J. Muller that the genes, 
the physical basis of heredity, can be altered by 
ionizing radiation and that the rate of the. natural 
mutation can be increased, the magnitude of increase 
depending on the amount of radiation received. 
After this great discovery, intensive studies were 
carried out by geneticists in order to throw light on 
the mechanism underlying the production by irradia- 
tion of various mutational changes in the chromo- 
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somes and genes. From these investigations an 
impressive amount of data has been accumulated and 
forms the foundation of ‘radiation genetics’. Thus, 
on the establishment of the Atomic Energy Com- 
mission, the study of the genetical effects of the new 
and extremely powerful radiations was able to 
proceed on the lines already laid down. 

Those engaged on the genetical aspect of ionizing 
radiations had several opportunities, during and after 
the War, to meet and pool the knowledge gained ; 
but many of these meetings and the results discussed 
were covered by security restrictions. Now a group 
of papers, given at the first unclassified information 
meeting for Biology and Medicine (March 26-27, 
1948), sponsored by the Biology Division. of the Oak 
Ridge. National Laboratory, has been published*. 
These papers deal with basic knowledge of extreme 
importance in the understanding of radiation effects, 
and in the evaluation of their consequences. In this 
respect—though some of the ideas expressed in the 
papers have already been superseded by later know- 
ledge—lies the significance of this publication. 

The discussions are grouped around two main 
topics. The first deals with phenomena which can be 
observed after irradiation in the hereditary mechanism 
of the cell, either by genetical or cytological analysis. 
The second subject of the symposium is the genetical 
effect of radiation on the human population. 

The most extensive paper is that of H. J. Muller, 
who discussed several questions of general interest, 
many of which have bearings on the estimation of 
radiation hazards. He directs attention to the fact 
that the genetic effects are of two kinds: there are 
those, such as gene-mutation and chromosome- 
deletion, which are ‘one-hit’ phenomena due to a 
single ionization ; and others, for example, chromo- 
some interchanges, which are ‘two-hit’ events. Muller 
emphasizes the fact that gene-mutations are directly 
proportional to the dose, no matter how low it is, or 
of what intensity. This conclusion is based on 
extensive experimental evidence obtained from the 
study of radiation-induced sex-linked lethal gene- 
mutations in Drosophila. The complexity of the 
effect-dosage relationship has also been stressed. By 
discussing the various possibilities responsible for the 
apparent proportionality of lethal frequency to 
dosage at higher doses, Muller argues that it must be 
attributed to a ‘composite effect’ produced by the 
combination of ‘one-’ and ‘two-hit’ events. Because 
at present there are no criteria by which we can 
calculate the expectation of the various types of 
rearrangement, it is not possible to determine how 
much they are responsible for the composite effect. 
One of the reasons for such limitation is that the 
genetical analysis of the radiation-induced effects in 
Drosophila is based on highly selected samples, as a 
result of which the estimation of primary effects can 
never be complete. 

Direct cytological study of radiation injuries in cells 
such as the pollen grains of 7 radescantia or neuro- 
blasts of grasshoppers is more suitable for revealing 
the immediate result of ionizing radiation. Using 
Tradescantia, Sax has demonstrated that the ‘one-hit’ 
chromosome injuries increase in direct proportion to 
dosage, while the ‘two-hit’ types of alterations (inter- 
changes) tend to increase as the square of the dose. 
A linear proportionality of the ‘two-hit’ phenomena, 
as was found by Giles and Conger after irradiation 
with fast neutrons from uranium fission, reveals 


* Symposium on Radiation Genetics, J. Cell. and Comp. Physiol., 
35, Supp. 1, 1950. 
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differences in ion-density in the track of the ionizing 
particles emitted by the various radiations. 

The observation of Carlson on living cells of grass. 
hoppers has shown that even so small a dose as 
4 roentgens affects the cells by suppressing mitosis, 
If the radiation is given at very low intensity (0-25 
roentgen per minute), the recovery process may be 
able to keep pace with the gross mutation effects ; 
but the possibility remains that gene-mutation might 
have been induced even by such a treatment. Several 
of the participants, for example, Sax, Carlson and 
Kimball e¢ al., stress the fact that there is a variation 
in radiation sensitivity which is related to the 
developmental stage of the cell and to environmental 
conditions. This fact has been borne out by the 
report of Randolph, who described the cytological 
and phenotypical effects of the Bikini atom explosion 
on maize. 

The meeting also discussed the possible mechanisms 
which may be responsible for the biological effect. 
Wyss and collaborators, starting on the assumption 
that in the event of gene-mutation some chemical or 
physical change must be responsible for the modi- 
fication of a gene, examined the effect of ultra-violet 
irradiation on the culture medium of Staphylococcus, 
and found that hydrogen peroxide may be an inter. 
mediate agent. Their investigation has opened up a 
new and fruitful line of research into the analysis of 
mutagenesis. Mazia and Blumenthal, on the other 
hand, took a different approach and, on the assump- 
tion that the activity of enzyme systems depends on 
structural organization, argued that the structure 
may be involved in the radiation reactivity. They 
studied the effect of radiation on monomolecular 
films, comprised of enzyme-substrate (albumin- 
crystalline pepsin), and, by using the time of digestion 
as a measure, found that as little as 50-100 roentgens 
had slowed down this process. From their experi- 
ments the conclusion is drawn that sensitivity to 
radiation may be a consequence of the molecular 
topography. 

The second main topic of the conference was the 
possible offects of mutagenic agents on the human 
population. Ionizing radiation increases mutation- 
rate ; hence its application on a large scale can have 
far-reaching repercussions in the genetic structure of 
our race. Since experimental evidence shows that 
nearly all induced mutations are deleterious, any 
increase in the mutation-rate is of great concern. 
The fact that many human diseases have a genetic 
basis (for example, 112 genes are known to be 
responsible for skin diseases and nearly as many for 
eye diseases) argues sufficiently against any further 
increase in the number of deleterious genes. The 
various difficulties in calculating the radiation hazards 
in human population are discussed by Prof. 3. 
Wright. Though there are great gaps in our know- 
ledge, yet sufficient data have been gathered to draw? 
the conclusion, expressed by H. J. Muller, that we 
must weigh the immediate benefit derived from the 
application of radiant energy against any detriment 
to the human race which may accrue, at no matter 
how distant a future. 

The conference shows clearly that those responsible 
for atomic energy research are well aware of the 
biological hazards involved. The papers and dis- 
cussions demonstrate the need for more information) 
and in particular the necessity of additional oa 
genetical research. There is no doubt that the sympos- | 
ium will stimulate further investigations into the more! 
basic aspect of radiation effects. P.C. Kortzr | 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


An Interferometer Microscope for Opaque 
Objects 


\N optical system has been constructed which makes 
possible the examination at high resolution by inter- 
ference of opaque objects, and which is capable of 
being Mounted on an ordinary microscope stand. 

The system is shown in Fig. 1. A plano-convex 
glass block is silvered on the convex side except for 
asmall region near its pole, and half-silvered on the 
fat side. The central thickness is somewhat less 
than half the radius of curvature of the convex sur- 
face. The transparent central portion of the convex 
side is ‘oil-immersed’ on to the specimen, and a 
plane-parallel glass block is cemented to the plane 
side. The upper face of this block carries a small 
fully silvered spot in the centre, and a third glass 
block is cemented to this face. 

The dimensions are so chosen that the small silvered 
spot is situated slightly below the centre of curvature 
of the convex surface, and the silvered spot and the 
surface of the specimen are equidistant from the half- 
silvered surface. A microscope objective is focused 
on the image, formed by the convex surface, of the 
small silvered spot. This image is situated somewhat 
above the centre of curvature. 

Light is directed downwards through the objective 
by « conventional vertical illuminator and, following 


F the path indicated, is split by the half-silvered surface, 


and part is focused on the silvered spot and part on 
the specimen. It then follows the reverse path and 
enters the microscope objective again. 

The result is that interference is observed between 
the silvered spot and the image, formed by reflexion 
in the half-silvered surface, of the object. The path 
difference may be varied by moving the system of 
glass blocks as a whole axially. This has been effected 
by mounting this system on a stiff spring and apply- 
ing @ small axial force to it by means of an electro- 
magnet. 

The aperture of illumination is unrestricted except 
for a central obstruction which can be made quite 
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Optical system of interferometer microscope 
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Fig. 2. Terrace structure on cleavage face of Iceland spar crystal. 
600 
small. The effective numerical aperture is raised 


somewhat above that of the objective by reason of 
the fact that the optical system gives a small initial 
magnification. 

Such a system has been constructed employing a 
4-mm. objective and with an effective numerical 
aperture of 1-00. Fig. 2 shows the terrace formation on 
a cleavage face of an Iceland spar crystal which has 
been observed with this system. Although in this 
case the height of the steps is several hundred 
angstrom units, experience with a transmission type 
of interferometer microscope’ indicates that a step 
should be visible so long as its height exceeds about 
30 angstrom units. 

J. Dyson 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berks. 
Jan. 17. 
' Dyson, J., Proc. Roy. Soc., A, 204, 170 (1950). 


Measurement of Thickness in Various 
Parts of Histological Sections 


It has long been known that different microtome 
sections cut at one and the same adjustment of the 
microtome may vary considerably in thickness. In 
quantitative histochemical determinations, however, 
where the method of determination is based, for 
example, on the absorption of transmitted light or the 
emission of radioactive substances, the variations in 
thickness even within different parts of the same 
section may be an important source of error. 

A method for the determination of the thickness 
of microtome sections to be used in quantitative 
histochemical investigations must fulfil the following 
conditions. The range must be sufficiently wide. It 
should be possible to carry out measurements at any 
point of the surface of the section, and to identify 
those points by relation to a co-ordinate system for 
subsequent comparison with analytical results. The 
measurement should not affect the section in such a 
way that further treatment of the preparation is 
made impossible. The instrument employed should 
possess a short damping period, and should be based 
on simple principles. 

In the present investigations, we have employed 
a mechanical method of measurement which meets 
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the above requirements. We used a so-called micro- 
eator (AB. C. E. Johansson, Eskilstuna, Sweden), 
originally constructed for tolerance controls in the 
engineering industry. Previous types of micro- 
cators exposed the preparations to a pressure of 
about 50 gm. during measurement; they could, 
therefore, be used for thickness measurements of 
ground preparations but not for microtome sections 
embedded jn paraffin. Since the instrument can now 
be obtained with a minimum pressure of 200 mgm. 
and scale division of approximately 0-lyu, it was 
considered expedient to test its application for the 
purpose in question. It could be demonstrated that 
the compression of the object during measurement 
was negligible, due to the slight pressure. A few 
results obtained from measurements of sections 5 u 
thick are reported to exemplify the applicability of 
the method. The material used was kidney, which 
was treated by the freezing—-drying method, embedded 
in paraffin and cut with Reichert’s rocking micro- 
tome. The sections were mounted on Bausch and 
Lomb optically flat object glasses. The accompanying 
diagram is a graphical representation of typical 
conditions of levelness at the upper surface of the 
section, expressed in up. 


6 
55 6 6 : 
1 53 3 $ 


43 
25 


The results we have obtained demonstrate that 
mechanical measuring instruments of the microcator 
type, with a high degree of accuracy and exerting low 
pressure during measurement, are useful for measure- 
ments of the thickness of microtome sections. The 
surface of a histological section has an irregular con- 
tour, and in the objects examined the difference in level 
between the highest and lowest points of the surface 
of the preparation was 54 per cent of the section 
thickness set on the microtome. These irregularities 
are individual even for sections from the same series ; 
thus no conclusions can be drawn from the appearance 
of one section as to the variations in thickness of 
other sections. The volume of a section is thus not 
equal to the product of the surface and the section 
thickness set on the microtome. When comparing 
the histological preparation and the quantitative 
histochemical data obtained from a study of it, 
measurements of the thickness at corresponding 
points throughout the section must be carried out. 

G. GLIMSTEDT 
R. HAKANSSON 
Histological Institute, 
University of Lund. 
Oct. 3 


Transmission-like Multiple-Beam 
Reflexion Interference Fringes 


MULTIPLE-BEAM reflexion fringes, as developed by 
Tolansky', have many advantages over the normal 
transmission fringes in their application to problems 
associated with precise measurement, and with sur- 
face structure of metal surfaces. Photographic ex- 
posure times are always much shorter in reflexion 
systems than in transmission systems. A disadvantage 
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of the normal reflex. J miss! 
ion system of fringes, JJ case 
however, is the rela. J show 
tively low contrast § in ¢ 
between fringes and § visua 
the background in- was 
tensity. Transmis- — by 2 
sion-like reflexion — than 

Fig. 1 fringes do not have § using 
this disadvantage. Th 
Holden? has produced transmission-like Fizeau @ like f 
reflexion fringes by combining particular reflectivities J use. 
for the two surfaces making up the interferometer § in th 
system. cusse 
Transmission-like reflexion fringes can be produced § the r 
very simply in a Fizeau fringe reflexion system with. — Com 
out particular concern for the reflectivities of the fF Orga 
surfaces used. By selecting a portion of the reflected 
light at the observation point, transmission-like re- F Natic 
flexion fringes of high contrast, sharpness and 
luminosity are obtained, which combine the ad- 
vantages of normal transmission and reflexion fringes. 
The portion of the reflected light selected can include Ff , ,,,,., 
all rays which undergo multiple internal reflexions c 
within the interference film. Other rays which differ F ‘Holle 
in phase by x from these rays are eliminated, 
and, in effect, transmission conditions are produced 
in reflexion. The change from sharp reflexion | 
fringes to sharp transmission-like reflexion fringes is Emi 
obtained by a simple tilt of a mirror in the optical 
system. . 
Figs. la and 16 show the normal reflexion fringes Kn 
and the transmission-like reflexion fringes respectively | 8°“ 
in mercury green light (5461 A.), obtained from an yy T°**" 
optical flat with an opaque layer of silver covering [| %"° 
another silver film of varying thickness deposited | effect 
over its surface. A central strip was left free in order | * °" 
that film thickness could be determined. The front | “™**! 
surface of the interference system was coated with | "°°" 
silver to a reflectivity of about 70 per cent. Fig. le) * ™* 
shows the appearance of the same transmission-like [) “°"*'S 
fringes in unfiltered mercury light. Different wave- | “'t! @ 
lengths are resolved in the same way as with trans. |) “"0'" 
mission fringes. Such a resolution is not visible with | capeul 
the normal reflexion fringes, due to the superposition |) °"S" 
of the broad background intensity associated with ))' “{l' 
each wave-length on the dark fringe of a neighbouring ber} tli 
wave-length. ia ae 
Fig. 2 shows an application of these transmission- ag dyspr 
like reflexion fringes. A vibration unit, made in this = po 
Laboratory for the study of general vibration prob- j“*S S¥ 
lems, has been calibrated absolutely in terms of the plot a 
wave-length of light by multiple-beam interference. | a stra 
Figs. 2a and 2b show the normal transmission fringes ¥"°"' aoe 
in the stationary and moving states. The movement wien 
was produced by the application of a sinusoidal 7% ith 
vibratory motion to one of the interferometer plates. F°!°"’ 
Figs. 2c and 2d show the normal reflexion fringes? withou 
under the same two conditions. The use of these B°°°SU" 
fringes had several advantages over the normal trans-/ ?"°'V@ 
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mission kind in this work, but the contrast in the 
case Of the vibratory state is very low. Figs. 2e and 2f 
show the transmission-like reflexion fringes obtained 
in this work. These fringes are easy to observe 
visually, and exposure time for the moving fringes 
was reduced from that for the transmission fringes 
by a factor of 8. Amplitudes of vibration greater 
than half a wave-length of light are measured by 
using an interrupted source of light. 

The production, and nature, of these transmission- 
like fringes will be reported in detail elsewhere ; their 
use, with normal transmission and reflexion fringes, 
in the measurement of vibration, will also be dis- 
cussed. This work has been carried out as part of 


the research programme of the Division of Metrology, 
Commonwealth Scientific and Industrial Research 
Organization. 
C. F. Bruce 
National Standards Laboratory, 
University Grounds, 

Sydney. 

Oct. 16. 
' Tolansky, S., ““Multiple Beam — rferometry of Surfaces and Films’’ 

Clarendon Press, Oxford, 1948). 


‘Holden, J., Proc. Phys. Soc. aon B, 62, (7), 405 (1949). 


Emission of Slow Neutrons by a Radium- 
Beryllium Source 


KNOWLEDGE of the emission of slow neutrons by 
sources is essential wherever effective slow-neutron 

cross-sections much exceed fast-neutron  cross- 
@ sections. The investigation of the Szilard—Chalmers 
effect on manganese and arsenic with fast neutrons 
is an example’*. We have now measured the 
emission of slow neutrons, in three energy channels 
resonance bands of dysprosium, indium, iodine), by 
a ‘natural source’ of the common type. The source 
consisted of 300 mgm. radium as the chloride, mixed 
with an excess of beryllium metal (2-3 gm., but exact 
amount unknown), and was contained in a platinum 
capsule of 0-025 cm. wall thickness. Total neutron 
emission was of the order of 3 x 10* sec.~!, that 
equivalent to that of about 200 mC. radon- 
beryllium§. 

The detectors (2 em.* each) of the three kinds 
‘(dysprosia, indium metal, cadmium iodide) were ex- 
‘posed at varying distances (r) from the source, which 
twas suspended in the centre of a large room. By 
jplotting induced B-activity against 7~*, the influence 
sof tray neutrons could be eliminated; no stray 





ls, 


meutrons effective in the resonance bands were found, 
showever. 
With dysprosium (resonance in the thermal 


region), the difference of the activations with and 
without cadmium-shielding (cadmium-difference) was 
Mneasured. Then the contribution dA of each energy 
Bnter rval dE to the total cadmium-difference is 


i 





dA = knpyepy{l — (exp —cpyNpy)} 


{1 —(exp —ocaN ca) }.2.dE. 





(1) 






‘is the effective solid angle in B-ray counting, 7 the 
®bsorption factor due to the counter wall (0-1 mm. 
iluminium), ¢ the self-absorption factor for B-rays 
f the detector, and x the neutron flux (cm.~? min.~ 
V."'). The capture cross-sections at the given 
nergy are denoted by oc, and the numbers of nuclei 
per cm.? by N. The numerical factors used in the 
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three experiments, and found 


collected in Table 1 


by calibration, are 


Table 1 
N k ” e 
Cd 13-8 x 10” -- -_— — 
Dy 7-7 x 10% 0-326 0-681 0-064 
In 3-9 x 10% 0-326 0-558 0-411 
Tabs 80-0 x 10% _- oe —- 
Idet 16-3 x 10% 0-326 0-864 0-264 


Equation 1 was integrated numerically between 
0 and 1 eV., and solved for x. The dependence of 
the cross-sections on energy was taken from the 
literature*:?._ x was assumed to be constant within 
the band. 

The emission of indium resonance neutrons (peak 
of the band at 1-44 eV.) was tested in an analogous 
way. This time the effective neutrons were selected 
by measuring the activation of (cadmium-shielded) 
indium foil with and without an identical foil as 
absorber. The contribution of each differential energy 
channel to the ‘indium-difference’ (difference of B- 
activity without and with absorber), then, is given, 
in analogy to (1), by 


dA 


kytn€in {l — (exp —omnNiIn) }*.0.dh. (2) 
The values of oj, were also taken from the literature®. 

Finally, the emission of iodine resonance neutrons 
was measured. The dependence of oy on energy, in 
the resonance region between 20 and 100 eV., may 
be approximated by a broad and fairly low hump’. 
Therefore, the formula for the integral ‘iodine- 
difference’, 


A = kaerorNiaet) {1 — (exp —orN abs) ) }.2.AE, (3) 


was sufficiently precise. The detector consisted of 
cadmium iodide, the absorber of iodine element. 
6, and AF were taken as 20 barns and 80 eV.., re- 
spectively. 


Table 2 
Dysprosium 1°45 +0°8 sec? mC. eV.“ 
Indium 12+02 , - 
Iodine 1-O03+ 0-4 
The measured cadmium-, indium- and _ iodine- 


differences, at 3 cm. from the source, were 1-2, 6-8 
and 5-8 min.~!. The corresponding emissions of the 
effective neutrons are computed in Table 2. The 
agreement in the order of magnitude, in spite of the 
great differences in position, width and shape of the 
bands, seems to show that the assumption of con- 
stancy of x inside each band is not wildly off the 
mark. However, emission does gradually decrease 
with increasing energy. This would be expected from 
the comparison with the emission of neutrons of all 
energies® (15,000 mC.~! sec.-!). The gradual decrease 
may help to justify our neglect of higher resonance 
bands. 

The absence of preferential emission of thermal 
neutrons renders it unlikely that the slow neutrons, 
in these conditions, arise from slowing down of fast 
neutrons inside the source!®. Also interposition of 
1 gm. cm.~* beryllium between the source and an 
unshielded indium detector, when the distance from 
source to detector was 5 cm., did not increase the 
activation of the detector by more than (4 + 13) per 
cent. Probably the slow neutrons, as well as many of 
the medium-fast neutrons'!, emitted by the source, 
arise in a }Be(a,n)3$He reaction”. 

We thank Prof. K. Przibram for his helpful interest, 
Prof. B. Karlik for the loan of the neutron source, 
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and Dr. A. G. Maddock (Cambridge) for providing the 
indium. 
E. GIEGERL 


E. BRopa 
II. Physikalieches Institut der Universitat, 
Wien. 
Oct. 9. 
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Radioactive Samarium-I45 and 
Promethium-145 


CONSIDERATION of nuclear systematics shows that, 
if any stable isotope of promethium exists, it would 
almost certainly have a mass number 145, 147 or 
149, or possibly 143 with the stable 82-neutron con- 
figuration. It is, however, already known’? that the 
isotopes 147, 149 and 143 have half-lives of about 
four years, 47 hr. and 350 days respectively. It is 
therefore of interest to investigate whether the un- 
known promethium-145 is radioactive. 

The best method of preparation is probably by 
the reaction ‘Sm (n,y) ‘Sm, followed by decay 
of the samarium-145 into its daughter promethium- 
145. Inghram, Hayden and Hess* have shown, using 
@ mass-spectrographic method, that pile irradiation 
of samarium produces samarium-145, with a half-life 
greater than 72 days. 

A 25-mgm. sample of very pure samarium oxide 
was irradiated in a neutron flux of 10'* cm.~? sec.“ 
for 28 days, and then kept for 206 days to allow for 
growth of promethium-145 and decay of short-lived 
samarium isotopes. The rare-earth activities were 
then separated by means of an ion-exchange resin‘. 
The samarium and promethium fractions were 
separately purified by further repetition of this 
method. Inactive samarium and neodymium were 
added to the promethium before this purification, 
and were located in the elutriant fractions by pre- 
cipitation as oxalates. The radioactivity separated 
in a peak between the neodymium and samarium 
peaks, and was thus identified as promethium. 

The samarium emitted low-energy beta-particles 
(attributable to the very long-lived samarium-151) 
and electromagnetic radiation of energies correspond- 
ing to the K and L X-rays of promethium. There 
was no indication of the hard y-rays tentatively 
attributed to samarium-145 by Cork e¢ al.'. 

The radiation filtered through 0-4 gm. cm.~? of 
aluminium (that is, the K X-rays) is decaying with 
a half-life of about 410 days. Any error due to the 
21-KeV. y-rays* from the relatively small amount of 
samarium-151 present would not be serious. 

The promethium showed a long-lived activity, and 
emitted low-energy beta-particles (attributable to 
promethium-147, the daughter of neodymium-147 
formed by a (n,y) reaction on a trace of neodymium 
impurity) and electromagnetic radiation correspond- 
ing to the K and L X-rays of neodymium. 
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It is concluded that samarium-145 decays by 
orbital electron capture, with a half-life of 410 days, 
into promethium-145, which also decays by orbital 
electron capture into stable neodymium-145. By 
measuring the relative K X-ray activities of the 
samarium-145, and the promethium-145 descended 
from it in a known time, and assuming equal count. 
ing efficiencies for these two X-rays of nearly equal 
energies, the half-life of promethium-145 was cal. 
culated to be approximately thirty years. It is 
therefore apparently the longest-lived promethium 
isotope. 

I wish to thank Mr. R. L. Evans for assistance with 
the ion-exchange separations. 


F. D. S. BuTeMEent 


Atomic Energy Research Establishment, 
Harwell, Berks. 
Nov. 7. 


1 Seaborg, G. T., and Perlman, I., “Table of Isotopes’’, Rev. Mod. 
Phys., 20, 585 (1948). 

* Hicks, H. G., A.EZ.C.U., 217. 

* Inghram, M. G., Hayden, R. J., and Hess, D. C., Phys. Rev., 71, 643 
(1947). 

a. H., and Boyd, G. E., J. Amer. Chem. Soc., 69, 2300 
(1947). 
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Interpretation of Experiments on 
Frictional Electrification 


In a recent communication in Nature, Medley' 
presents new evidence on the importance of gas dis. 
charges in modifying the process of frictional electri- 
fication. One might suppose that, when such dis- 
charges occur, the application of a strong electric 
field to the rubbing surfaces would alter the electri- 
fication produced. Morris-Jones? failed to find such 
an effect, whereas Gill and Alfrey have reported its 
existence in a letter in Nature*. Morris-Jones worked 
with flannel, silk and chamois leather; Gill and 
Alfrey worked with ebonite and sand. Medley’s 
interpretation of his own experiments suggests that 
the contradictory findings concerning the effect of an 
electric field can be explained by assuming that the 
materials used by Morris-Jones were sufficiently 
humid for poor insulation to have limited their 
charging to a value below that at which gas discharge 
would have set in, whereas Gill and Alfrey’s materials 
were sufficiently dry for gas discharge to have played 
a part. The nature of the materials in question sup- 
ports this interpretation. If it be accepted, then the 
experiments of Gill and Alfrey do not give informa. 
tion (as they claim) about the cause of frictional 
charging, but only about the subsequent partial dis- 
charging. In particular, the experiments are not 
valid evidence for the existence of a metal/insulator 
contact potential. 

Tha idea that frictional electrification arises from 
@ contact potential is said by Perucca‘ to be due to 
Volta; but Helmholz*® was the first to consider the 
hypothesis in detail. He realized that frictional 
charge arising in this way must have been present as 
a double layer when the surfaces were in contact, 
and that this double layer must be the seat of the 
contact potential. There has been much difference 
of opinion about the Volta/Helmholz hypothesis. It 
can, however, be applied quantitatively to metal 
metal surfaces, and does, in this case, account 
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correctly for one component of the observed charging®. 
When two different metals, insulated and uncharged, 
are brought into contact, a flow of electrons takes 
place which gives rise to a potential difference 
between points just outside their surfaces that did 
not exist before. If we call this potential difference 
the contact potential, as seems proper, then the flow 
of electrons that established the contact potential is 
identical with the flow of electrons that gives rise 
to the component of charge mentioned above. It is 
only by defining the contact potential as the difference 
in potential between the tops of the Fermi distribu- 
tions when the metals are uncharged, and therefore 
not in contact, that the correct sign of the charge 
obtained with metals follows from Gill and Alfrey’s 
conclusion that “the passage of charge to neutralize 
this contact potential gives rise to the charges known 
as frictional electricity”. This distinction must still 
be retained when insulators take part, if indeed there 
is any valid meaning to be attached to the idea of 
contact potential in such circumstances. 

[he meteorological importance of the charging 
due to the raising of dust, pointed out by Gill’, has 
been known for a long time, but the sign of the 
charge reported by him is surprising. Rudge* found 
that the dust-cloud raised by mules ploughing the 
siliceous earth of South Africa was charged positively 
in the immediate neighbourhood of the ploughing, 
but that a negative charge appeared in the air at a 
distance. Since the negatively charged carriers 
spread by diffusion or convection more effectively 
than the positively charged ones, they must have 
been the smailer. Gill concluded, however, from 
the behaviour of a collecting plate in the neigh- 
bourhood of a funnel through which sand was 
poured that the negatively charged particles were 
larger than the positive. It may be that the 
charging was opposite in the two experiments ; 
but a different interpretation of Gill’s experiment 
would bring the two observations into line. Gill’s 
argument that the collecting plate actually received 
charged particles, without there being any significant 
influence from the column of fine dust left after the 
pouring of the sand, is unconvincing, and the observa- 
tion that the electrometer returned to its original 
position after the initial deflexion suggests that the 
effect was, in fact, one of electrostatic induction. 
Differential diffusion resulted in the smaller negative 
particles (Rudge) leaving the dust column first, and 
being removed from the scene of the experiment, 
the dust column thereby acquiring a positive charge, 
the collecting plate a negative charge by induction, 
but the electrometer to which it was connected a 
positive charge, as observed by Gill. The com- 
pensating negative charge, which appears on the 
electrometer later, would be the result of the dissipa- 
tion of the positively charged column. 


No. 4245 


W. R. Harper 


Imperial College of Science and Technology, 
Royal College of Science, 
South Kensington, 
London, S8.W.7. 


‘Medley, J. A., Nature, 166, 525 (1950). 

*Morris-Jones, W., Phil. . “ag., 29, 261 (1915). 

‘Gill, E. W. B., and Alfrey, G. F., Nature, 163, 172 (1949). 
*Perucca, E., Z. Phys., 51, 268 (1928). 

*Helmholz, H., Ann. Phys. Ipz., 7, 337 (1879). 

‘Harper, W. R., Proc. Roy. Soe., A, 205, 83 (1951). 

"Gill, E. W. B., Nature, 162; 568 (1948). 

"Rudge, W. A. D., Phil. Mag., 23, 852 (1912). 


NATURE 


401 


Thermodynamics of a Fluid Dielectric 
In a recent paper’ I derived the formula 
Aq = Ai + wAv — E.Ap, (1) 


and remarked that this “equation has been used as 
the expression of the first law in the application of 
thermodynamics to dielectric phenomena’’. Here the 
reference is to a unit volume, reckoned in some 
standard state, of a fluid. In a variation of state, 
Aq is the heat absorbed ; ¢ is the internal energy ; 
« is the pressure ; v is the volume; E is the electric 
field-strength ; and p is the electric moment. My 
comment, quoted above, gives a wrong impression 
of the position. In fact, there has been some con- 
troversy over the proper expression of this energy 
relation for dielectrics. If I may translate, for pur- 
poses of comparison, relations given by other writers 
for the analogous problem in magnetism, then Stoner? 
would write in place of (1), 


At + w@Av — EAP, (2) 


where P = p/v is the magnitude of the polarization 
vector. This is, apart from notation, the equation (3.2) 
of the reference given. 

The apparently small discrepancy between (1) and 
(2) is quite fundamental. My derivation of (1) is 
purely formal, based on the physical principle of the 
conservation of energy, together with fundamental 
electrical principles including what I have called the 
Livens force formula 


F = (P.y) E. (3) 


On the other hand, there has been some discussion 
of the deduction of (2), which makes no explicit use 
of (3), and which presents certain difficulties recog- 
nized by Guggenheim*. These difficulties have so 
much impressed Guggenheim that he has been led 
to suggest that it is scarcely practicable to derive any 
generally valid elementary formula of the type (1); and 
so the general thermodynamic relations are written by 
him for complete systems, and involve volume inte- 
grals over the region occupied by the matter. I say 
that such relations are not of the kind required for 
thermodynamical discussions. These should be con- 
cerned with variables determined by the state of a 
substance, whereas in the volume integrals of Guggen- 
heim, the matter occupying the different volume 
elements of an entire system might very well be in 
different states. 

Quite apart from these observations, Guggenheim’s 
formule suffer from other deficiencies. As I have 
indicated already‘, his notions on electrical energy 
in dielectric systems are inadequate for the ex- 
pression of the First Law of Thermodynamics. 
Further, his notion of pressure in magnetic, and 
presumably also in dielectric, fluids is confused. 
Guggenheim admits several pressures and asserts 
that “‘the usual hydrostatic theorem, that the pressure 
of a fluid is the same in all directions, is true for 
magnetic fluids orly if by pressure is meant the sum 
of the mechanical pressure and the magnetic stress”’. 
This is quite wrong. The hydrostatic theorem referred 
to is true in all problems of fluid statics. The body 
force acting on the fluid is given by (3) in the electrical 
case, and it is the gradient of the hydrostatic pressure 
developed in the fluid which balances this body force 
and maintains equilibrium. 

I add that, contrary to the implications of Guggen- 
heim and Stoner, there is an almost obvious extension 
of (1) which is applicable to solid dielectrics. We 


Aq = 
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have merely to replace the hydrostatic pressure w 
by the mechanical stress tensor jj and the volume 
differential Av by appropriate differentials defining 
an infinitesimal deformation. A formal derivation 
can be given on the lines of that for (1). 

Equation (1) appears to be the only correctly de- 
rived relation in the thermodynamic theory of fluid 
dielectrics. I give a second result based on the 
Second Law, ‘The variables i, v, p refer to unit 
volume of the fluid when in some standard state. If 
the fluid be deformed and polarized simultaneously 
in a thermodynamically reversible way, and if 7' is 
the absolute temperature, then the variables of state 
are functionally related in such a way as to make 
(Ad 


wmAv — E.Ap) = As (4) 


1 
a perfect differential of a function s of the inde- 


pendent variables which determine the thermo- 
dynamic state of the fluid. Introducing the function 
»=i— Ts + wv — Ep, (5) 

we find from (4) 
Av = —sAT + vdw — p.AE. (6) 
In particular, for an isothermal variation of state, 
AY = vAw — p.AE. (7) 


Consider now a fluid dielectric initially homo- 
geneous, occupying a volume v, and away from 
electrical influence. If we bring electric charge into 
the neighbourhood of the dielectric, the latter be- 
comes polarized and the force (3) acts on it. We 
suppose equilibrium is maintained by suitable 
pressures applied to the boundary of v and by the 
development of a hydrostatic pressure w satisfying 


Vo = F. (8) 


This involves an elastic deformation of the dielectric. 
Finally, we suppose the process of simultaneous 
polarization and deformation of the dielectric to have 
occurred reversibly and isothermally. Then the 
thermodynamic state of the substance varies from 
point to point in it owing to the variation of w and 
E. For the differential displacement Ar in the fluid 
we find : 


vAw = vYo.Ar 
p-AE = ((p.v)E).Ar = vF.Ar. 
Hence 
Ay = vivo — F).Ar = 0. 


Thus the thermodynamic variable » is constant 
throughout the fluid. 

It is clear that this result depends essentially on 
the formula (3). In a discussion given by Abraham 
and Becker* the authors are concerned with the deriva- 
tion, by purely thermodynamical means, of the force 
formula of Helmholtz. The argument consists of two 
steps. In the first the constancy of } is deduced by 
an obscure method which, however, does not involve 
the formula (3). The second step purports to use 
this result in the deduction of the Helmholtz formula. 
But this second step is really independent of the first. 
In a fluid in equilibrium the vectors E and p are 
parallel so that (1) is equivalent to 


Aq = Ai + wiv — EAp. (9) 


Here Ap is the component of the vector Ap in the 
direction of the vectors E and p. Then (9), together 
with the condition of reversibility Ag = 7' As and the 
isothermal condition A7' = 0, gives 


oAv + pAE = A(Ep + Ts — 4), 
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and shows that wAv + pAE is a perfect differential 
of a function of the variables v, ZH. Thus 
fe _ &, 
dE ~ ay 
and this is equivalent to the formula (3n), p. 240 of 
ref. 5. From (10) Abraham and Becker derive the force 
formula of Helmholtz. I say that (10) is exact, but 
not relevant to the problem of the body force acting 
in a@ dielectric. 
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Diverging Potentials and the Virial Theorem 


A sERIOUS, and much discussed, shortcoming of 
the celebrated meson theory of nuclear forces is 
caused by the occurrence, in the expression for the 
tensor force, of terms which diverge as r* as the 
separation (r) between two interacting nucleons 
approaches zero. 

It is well known that the Schrédinger equation 
does not possess a solution which corresponds to a 
bound state, when the potential function has an r~°. 
singularity at the origin. It may be of interest to 
show how this conclusion can be arrived at from a 
simple application of the virial theorem. 

When expressed in terms of wave-mechanical mean 
values, this theorem assumes the well-known form 


oT = r.VV (1) 


(7 = kinetic energy, V = potential energy). 

If we apply this equation to the relative motion 
of a pair of particles which attract each other accord- 
ing to a law of the type in which we are here interested, 
namely, 

V = 


we obtain 


— Or-ne-4r, where C, n and A> 0, (2) 


oT = —(n+aryV = —nV — rV; (3) 
or, since; according to equation (2), rV < 0, 
nV = —2T — r»V > — QT, (3a) 
that is, 
— 2 — 
Vo>--—T. (3b) 
n 


For a stationary state of the pair of particles under 
consideration, let the total energy of the relative 
motion be denoted by Z. Then, according to relation 
(3b), we get 


pad a F> *—3?7. (4) 


T+V> 


n 

The potential (2) is seen to approach zero when 
r—co. Therefore, a spontaneous dissociation of the 
system into two separate particles will be energetically 
impossible if, and only if, the total energy is negative. 


Consequently, and on account of the preceding rela-f 


tion (4), a ne-vssary condition that the system in 
question possess dynamical stability will be 


o>kH> 





a-3F (5) 
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that is, 
a <= fs (6) 
From this result one can conclude immediately 


that the most strongly diverging term (n = 3) 
‘curring in the meson theory cannot lead to stable 

nuclear states. (It may be mentioned that condition 

(6) is not in general a sufficient one. Thus, for n = 1 
Yukawa potential) the values one assigns to the 

parameters C and A are essential to the question of 
hether stable states exist or not!.) 

In concluding, it should be mentioned that the 
divergence difficulty under consideration can be 
lemonstrated in other simple ways; for example, 
on the basis of the indetermination principle, or by 
introducing the concept of de Broglie waves**. When 
one desires mathematical rigour, however, the above 
perhaps equally simple demonstration based on the 
virial theorem may be preferable. Again, since the 
virial theorem is valid also in classical mechanics (for 
time-averages), it may be said to offer a way of making 
the difficulty in question understandable even on the 
basis of classical concepts alone. 

AADNE ORE 
Fysisk Institutt, 
Universitetet i Bergen. 
Nov. 10. 
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Rates of Oxidation of Azonaphthalenes 


WHEN p-dimethylaminoazobenzene and certain 
other azo-compounds arc administered to rats, either 
by feeding or by injection, liver tumours are pro- 
duced in a high percentage of the animals'. This 
behaviour is in sharp contrast to the carcinogenic 
polyeyclic compounds, which produce tumours mainly 
at the site of injection*. In this connexion it is sig- 
ficant that Miller and Miller? have found that 
p-dimethylaminoazobenzene becomes firmly bound to 
ellular constituent in rat’s liver, but that no such 
ation occurs in other tissues in which this substance 
not carcinogenic. Numerous azo-compounds are 
now known to be liver carcinogens; but the property 
a relatively specific one. It has been suggested by 
ulman‘ that the cancer-producing activity depends 

the presence of an optimum electronic charge on 
» azo linkage itself (called the K’ region), and that 
the magnitude of the charge is governed by the 
substituents present. It seemed of interest to examine 
this hypothesis by studying the rate of addition of 
el etrophilic reagents to this region in a series of 
sarcinogenic and related non-carcinogenic azo- 
ompounds. 

As a preliminary study in a more comprehensive 
vestigation, we have now examined the rate of 

idation of azobenzene and the three azonaphthal- 
enes (I-III) with perbenzoic acid. (It may be noted 
here that this reagent is not suitable for the examina- 
tion of the relative rates of oxidation of the amino 
az0-compounds, as amino groups are themselves very 
readily oxidized®.) 

The method used was essentially similar to that 
employed by Boéseken and Stuurman® in determining 
the rate of oxidation of various ethylenic compounds 
with peracetic acid. The reactions were carried out 
in benzene solution, at 25°, using excess perbenzoic 
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acid, care being taken to avoid wide variations in 
the benzoic acid content of the perbenzoic acid solu- 
tions used’. Aliquot portions of reaction mixture 
were removed at suitable intervals and the residual 
perbenzoic acid estimated by titrating the iodine 
liberated from acidified potassium iodide solution 
with standard sodium thiosulphate solution. The 
reaction was shown to be bimolecular, and may 
therefore be represented by the equation : 

N—R+ Ph.CO,H. 


R—N=N—R+ Ph.CO,;,H->R — 


{ 


O 


The azoxy-compound was isolated from the reaction 
mixture in each case. Azobenzene gave azoxybenzene 
(m.p. 36°). 1:1’- and 2: 2’-Azonaphthalenes gave 
yellow 1: 1’-azoxynaphthalene (m.p. 127°, lit. 127° 8) 
and yellow 2: 2’-azoxynaphthalene (m.p. 166°, lit. 
164° *) respectively. Finally, 1 : 2’-azonaphthalene 
(III) gave only one product, a yellow 1 : 2’-azoxy- 


naphthalene (m.p. 137°; found: C, 80-8; H, 4-6; 
C.9H,,ON, requires C, 80-5; H, 4-7 per cent). 


At least three runs were carried out in each case, 


py the following rate constants were obtained : for 

: 1’-azonaphthalene, 2-46 + 0-11 x 10° litres gm.- 
et “Imin.~!; for azobenzene, 13-9 + 0-3 x 10°; for 
1 : 2’-azonaphthalene, 17-7 + 0:3 x 10°; and for 
2: 2’-azonaphthalene, 17-6 + 0-4 x 10°°. It there- 


fore appears that 1: 1’-azonaphthalene is attacked 
only slowly ; azobenzene is oxidized somewhat more 


rapidly ; 1: 2’- and 2: 2’-azonaphthalenes are oxi- 
dized most rapidly, and at the same rate. It seems 
reasonable to suppose, therefore, that in 1 : 2’-azo- 


naphthalene it is the nitrogen which is directly 
attached to the 2’-position that is oxidized. 

It is known that the peracids are electrophilic 
reagents®, and the rates of reaction with azo-com- 
pounds may therefore be taken as measures of the 
availability of two electrons at a nitrogen atom for the 
formation of a co-ordinate linkage. As there are no 
substituents in the compounds investigated in this 
work, the different reaction-rates must depend on 
the fact“that the azo group is not always conjugated 
with an aromatic ring to the same extent. More 
extensive conjugation of the azo group with the ring 
system must result (i) in a reduced bond-order for 
the nitrogen-nitrogen linkage, and (ii) in a reduced 
availability of the nitrogen lone pairs. The rate of 
reaction with perbenzoic acid is probably conditioned 
by both factors, and the present results may be 
regarded as providing additional experimental ‘evi- 
dence for the greater conjugating ability of the 1- over 
the 2-position in naphthalene’. The relative reaction- 
rates also indicate that the total charge on the two 
nitrogen atoms forming the K’ position in 2: 2’-azo- 
naphthalene must be greater than that in any of 
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the other three compounds investigated. It is 
possibly significant that, of the four compounds 
studied, only 2: 2’-azonaphthalene produces liver 
tumours''. 
G. M. BADGER 
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University of Adelaide. 
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Micro-Electrophoresis on Filter Paper 


DurRING the course of a protein fractionation, it 
was desired to establish the identity and purity of 
micro-quantities of proteins. The method described 
by Cremer and Tiselius' was investigated with the 
view of adapting it to the determination of the 
mobilities and the isoelectric point of proteins as 
criteria of their purity. 

A solution of the protein is placed on a strip of 
filter paper which has been soaked in buffer solution. 
A potential difference of 100-500 V. is applied across 
the strip, and after a suitable interval the protein 
is located by dyeing with brom-phenol-blue. The 
apparatus is simple and of negligible cost, and enables 
determinations to be made with as little as 0-05 
0-1’ mgm. of protein. 

Horse serum albumin, prepared according to the 
method of Kekwick*, was submitted to electrophoresis 
at pH values ranging from 4-09 to 8-03, using acetate 
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pH-Mobility curve near isoelectric point. Broken line represents 
a portion of the curve obtained by Tiselius (ref. 3) using fre« 
electrophoresis, and corrected for temperature 
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and phosphate buffers of ionic strength 0-1. The 
mobilities were calculated from the rate of migration 
and the potential drop per cm. in the usual manner. 
The accompanying graph shows the pH-mobility 
curve in the region of the isoelectric point. The latter 
is found to be at 4-76, which is in good agreement 
with the values obtained by Tiselius (4-64) and Kek- 
wick (4-80, ionic strength 0-02) and others. 

Near the isoelectric point the curve almost coin 
cides with that obtained in free electrophoresis*, but 
anomalies are apparent beyond this region. Thus the 
curve flattens out considerably below pH 4-63, arid 
a sharp break is obtained on changing over from 
acetate to phosphate buffer at pH 5-29. No corre 
sponding break occurs in free _ electrophoresis 
Although serum proteins are normally not adsorbed 
on paper to any appreciable extent‘, it is thought 
that the slight negative charge of the filter paper® 
may cause adsorption of the positively charged protein 
on the acid side of the isoelectric point, and thus 
account for the flattening out of the curve. 

Under the experimental conditions employed in this 
laboratory, electro-osmosis is not thought to affect 
the mobility appreciably, as is indicated by the close 
agreement with free mobilities around the isoelectric 
point. However, a correction can be made for the 
electro-osmotic transport, if necessary, by introducing 
an uncharged substance such as sugar into the system 
and determining its position at the end of the experi 
ment*. ‘The reason for the break in the curve on 
changing from acetate to phosphate buffer is not 
apparent. This, and other problems connected with 
this work, are at present being investigated. 

V. ScHWARZ 
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Dilatometric Measurement of the Rate 


of Vulcanizaton of Crepe-Rubber by 
Sulphur Monochloride 


THE ‘cold’ vulcanization of rubber by sulphur 
monochloride is believed to consist essentially of 
the cross-linking of adjacent poly-isoprene units 
by a series of sulphide bonds. Chemical analysis of 
the product! suggests that the cross-linking process 
is analogous to the ‘mustard gas’ reaction of ethylene 


with sulphur monochloride ;_ thus, 
od V4 a ee 
C Cc C.CICLC 
} scl ff -— | | + 8 
Cc Cc Cc—S—C 


#™ 4N mo™ #F™% 


Nothing is known, however, about the kinetics of 
this vuleanization process. General considerations 
lead one to expect that such a reaction, involving 
polymer aggregation, should be accompanied by an 
increase in the density of the rubber ; moreover, by 
choosing a suitably delicate technique, it should be 
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possible to utilize such density changes for rate- 
determinations. A dilatometric method seemed most 
suitable, and the experiments described here show 
that the vulcanization process is, indeed, accom- 
panied by a decrease in volume of the reaction mix- 
ture, and that the reaction may be followed quantita- 
tively using a tap-dilatometer’. 
When a 0-2 per cent dispersion of crépe-rubber in 
benzene was treated with an excess (1-4 per cent) 
of sulphur monochloride, a slow contraction was 
observed in the dilatometer. This slow contraction 
was accompanied by the development of a slight 
l'yndall effect. After the completion of the con- 
traction, the Tyndall effect slowly developed into a 
precipitate of vulcanized rubber, the precipitation 
process being characterized by a slight increase in 
the volume of the system. The accompanying graph 
shows three typical kinetic runs (25°) using purified 
crépe-rubber dispersed in thiophene-free benzene, 
twice-distilled sulphur monochloride and varying 
amounts of an organic accelerator consisting of di- 
butyl ammonium thiocarbamate, 34 per cent, 
2-mercaptobenzthiazole, 21 per cent, ‘Cellosolve’, 45 
per cent. Details are given in the accompanying table. 


Expt. (S,Cl,] % |Accelerator]| ° k, min. 
A aie | 4 38 ; | ; zero 0-0078 
B | 1-41 | 0-0204 0-0152 
Cc 1-38 0-0352 0-0189 


From the graph, it is clear that the non-accelerated 
reaction (A) is characterized by a slow initial reaction 
which develops, after c. 120 min., into a first-order 
reaction. In the presence of small amounts of the 
accelerator, two effects are apparent : the slow initial 
reaction is virtually eliminated as a rate-determining 
factor, and the rate-coefficient (k,) of the subsequent 
first-order reaction is markedly increased. The inset 
figure is a logarithmic plot and shows both the 
catalytic effect of the accelerator, and the extended 
region of the first-order portion of the reaction from 
55 per cent of total reaction in A to 80 per cent in C. 
The latter value covers the whole of the region 
observed experimentally. 











0 ae 80 160 240 320 400 
Time (minutes) 


Reaction-time curves for the vulcanization of crépe-rubber 

0-2 per cent) in benzene by sulphur monochloride. A, non- 

vecelerated reaction. B,C, accelerated reactions. Temperature, 
25-0° C. 


Logarithmic plot showing extension of first-order region 


in the presence of accelerator (B,C) 


Inset. 
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These results present the possibility of a kinetic 
investigation into the mechanism of the ‘cold’ 
vulcanization process, together with a study of the 
function of organic accelerators. Such an investiga- 
tion has now been initiated and the results will be 
published in due course. Theoretical aspects are held 
over pending further study. 

Thanks are due to Dr. J. H. Schulman for helpful 
discussions and to the Chief Scientist, Ministry of 
Supply, for permission to publish this communication. 

J. GLAZER 

Colloid Science Department, 

University, Cambridge. 
Nov. 2. 
‘Meyer and Mark, Ber., 61, 1948 (1928). 
* Glazer and Turner, J. Chem. Soc., S 169 (1949). 


Early History of Chromatography 


RECENTLY, Drs. H. Weil and T. I. Williams made 
the following statements with reference to D. T. 
Day’s investigations': “L. Zechmeister’s opinion 
that Day ‘might in favourable circumstances have 
been successful in the elaboration of chromatographic 
procedures’ seems, therefore, rather less than just 
[my italics], for Day conforms closely to that author’s 
definition of chromatography ...”. The above 
comments refer to a recent progress report? in which 
I have devoted half of the first page to Day’s work, 
since I consider it, as well as Gilpin’s papers (written 
under Day’s influence), as typical of chromatographic 
experiments. 

It should be stressed in this connexion that 1 have 
evaluated Day’s role in the history of chromato- 
graphy as follows’, in an article published on February 
10, 1948, and not quoted by Weil and Williains : 

“Evidently, Tswett is the true inventor of chrom- 
atography in all of its important aspects. However, 
when the time is opportune for the clear formulation 
of a new principle, several minds may simultancously 
have the information on which to base it. In this 
country, thousands of miles from Tswett’s laboratory 
and nine years before him, Day (1897), discussing 
the origin of Pennsylvania earth oil, wrote: 
‘. . . by experimental work it may easily be demon- 
strated that if we saturate a limestone, such as the 
Trenton limestone, with the oils characteristic of that 
rock and exert slight pressure upon it, so that it may 
flow upward through finely divided clay, it is easy 
to change it in its color to oils similar in appearance 
to the Pennsylvania oils, the oil which first filters 
through being lightest in color and the following oils 
growing darker.’ Later, Day induced Gilpin and his 
collaborators (1908, 1910, 1913) to carry out detailed 
experiments, and they showed, evidently without 
the knowledge of Tswett’s papers, that, if crude oil 
is forced upward through a coluran of fuller’s earth, 
the following sequence can be noticed from top to 
bottom: saturated aliphatic hydrocarbons, then 
aromatics and unsaturated substances, and, finally, 
nitrogen and sulfur compounds, the amounts of 
which increased towards the bottom ‘because of 
selective adsorption’. These experiments, originating 
from considerations which were quite different from 
Tswett’s, might well, under favorable conditions, have 
deve.oped into systematic chromatography.” 

Evidently, my intentions with reference to the 
subject under discussion were misunderstood by Weil 
and Williams. I claim not only that I have done 
justice to Day in my treatment of early chromato- 
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graphy, but also that I have made an effort to direct 
the attention of chemists to Day’s important con- 
tribution at a time when the work of this pioneer 
seems to have been forgotten. 
L. ZECHMEISTER 
California Institute of Technology, 
Pasadena. 
Jan. 6. 
' Weil, H., and Williams, T. I., Nature, 166, 1000 (1950). 
* Zochmeister, L., ‘Progress in Chromatography 1938-1947” (London: 
Chapman and Hall; New York: Wiley, 1950). 
* Zechmeister, L., Ann. New York Acad. Sci., 49, 145 (1948). 


Paper Chromatography of Browning 
Reaction Fluorogens 

As part of a research programme on non-enzymatic 
browning of foods, browned solutions were prepared 
by refluxing all the combinations of glycine and 
D-glucose at 0-1 M and 1:0 M concentrations, for 
periods up to 100 hr. At various time intervals 
samples of these solutions were removed, applied as 
thin lines across sheets of Whatman No. 1 filter paper 
and chromatographed by the ascending method in 
77 per cent ethanol. The brown pigments (melan- 
oidins) did not move. After air drying, examination 
of the chromatograms under ultra-violet light in the 
3650 A. region revealed as many as ten fluorescent 
bands, ranging in Rp from 0-07 to 0-91. None of 
these coincided with glycine or glucose, which did 
not fluoresce but were detected on the paper by 
chemical means. 

In the beginning, these colourless fluorescent bands 
appeared only at the lower Rp’s ; but additional bands 
appeared at progressively higher Rp’s with continued 
heating. The maximum number appeared at 48 hr., 
after which the number of fluorogens on the chromato- 
graph decreased. Maximal absorption of the refluxed 
solutions occurred at 285 my when excess glucose 
was present, and at 295 mu when excess glycine was 
present. With 1-0 M glycine and 1-0 M glucose, 
the maximum appeared first at 295 my and shifted 
during heating to a final value at 285 my. This shift 
was apparently due to variation in the proportions of 
distinet fluorogens present in the mixture, since at 
intermediate stages chromatographed samples showed 
simultaneous presence of fluorogens at separate Rp’s 
having absorption peaks at 285 my and 295 my, 
respectively. 

Observable changes in the overall character of the 
chromatograms suggested that as heating continued 
the glucose was exhausted faster than the glycine. 
The march of the fluorogens up the paper with con- 
tinued heating suggested the possibility that they 
represent successive degrees of polymerization of the 
colourless precursors of the brown pigments, the end- 
products of such polymerization. During unsuccessful 
attempts to maintain pH by use of buffers, it was 
observed that the presence of inorganic ions altered 
the number, order of appearance, and character on 
the chromatographs of colourless fluorogens produced 
by the browning reaction. Preliminary results with 
other amino-acids, heated with glucose, have been 
quite different from those obtained with glycine. This 


technique offers a useful means for further study of 


the Maillard browning reaction. 
A. R. Patron 
PATRICIA CHISM 
Colorado A. & M. College, 
Fort Collins, Colorado. 


Nov. 3. 
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Stages in the Dissolution of Coal 


Many interesting observations on the solution ot 
coal in a wide variety of solvents have been recorded 
by investigators in a number of countries, and in 
particular by those attached to the U.S. Bureau of 
Mines and the Carnegie Institute of Technology'. The 
time seems appropriate for the presentation of ; 
synthesis of these observations in tho light of 
hypothesis which I have developed during twenty 
years work in this field. I consider that it is possibl 
by means of this hypothesis to explain both the fusion 
and carbonization of caking coals when heated alone, 
and the geological transformation of vitrain (th: 
bright petrological constituent) and clarain, or 
translucent attritus, into Thiessen’s* opaque granula: 
matter which is the principal constituent of durain 

It has long been clear that the selective extraction 
of coal by good solvents such as pyridine differs from 
the almost complete solution which is obtained a 
higher temperatures, for example above 350° C. with 
hydrocarbons such as phenanthrene and about 
290° C. with naphthols. In selective extraction at the 
lower temperatures, I consider that the insoluble 
residue (fraction « of Wheeler) represents the humin 
portion of coal and the soluble extract (y- and part of 
the 8-fractions of Wheeler) the bitumen; yields of 
soluble extract under these conditions commonly 
amount to between 10 and 30 per cent of the coal 
substance. On the other hand, anthracene oil and 
phenanthrene appear to dissolve coal as a unitary 
substance —like gelatin in water—and to the extent 
of as much as 95 per cent in favourable circumstances 
using pure vitrain. 

Although at the higher temperatures almost com 
plete solution may be obtained, it is important to 
note that this high solubility is transient**. If the 
temperature of such a solution after filtration is 
maintained constant at the temperature of its 
generation, within a comparatively short time a 
considerable part of the dissolved material is pre- 
cipitated. In my view, the explanation of this is to be 
found in the hypothesis that a ‘fat’ or caking coal 
(say, 30 per cent volatile matter) consists of a com- 
pound of two distinct classes of substances. I regard 
these two groups of constituents as equivalent 
to Wheeler’s® a-fraction and 6- y-fractions re- 
spectively, and also to the humin (‘ulmins’ of British 
workers) and bitumen fractions of Fischer*. In 
anthracene oil or phenanthrene, I consider that 
the complex or compound of the two constituents 
dissolves as an entity, whereas in pyridine it would 
seem that the complex is first decomposed chemically 
by the solvent and that the selective solution 
involves subsequent extraction of the bitumen 
fraction of this complex. When the solution of the 
unchanged complex in anthracene oil is maintained 
at its (relatively high) temperature of formation, the 
complex is unstable and gradually decomposes to 
form the same constituents as are initially separated 
by the selective solvent ; the humin flocculates and 
the bitumen remains dissolved. In short, solvents 
attack the coal complex both physically and chem 
ically, and the initial results appear very different 


according to whether chemical dissociation precedes | 


or follows the physical solution, which in turn depends 
on the relative rates of these processes and so on the 
temperature. 

The same concept can readily be applied to the 
phenomena of transient fusion which I have also 
studied‘. The humin/bitumen complex melts physic- 
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ally at around 400° C. as would a pure substance, 
but it is less stable at the melting temperature than, 
for example, polynuclear aromatic compounds; de- 
composition rapidly sets in*-’, as it does in solution at 
360° C.%4, On rapid heating® above 500° C., harden- 
ing (coke formation) sets in; I regard this as a 
physical change of state, the humin or «-constituent 
separating from the liquid melt, as it also does from 
a solution, by molecular aggregation after reaching 
a relatively low saturation concentration. 

The existence of two forms of attritus*—translucent 
and opaque respectively—can be interpreted in similar 
terms. I regard Thiessen’s granular opaque matter 
as a crystalline form either of the undissociated 
complex or of the humin, and the translucent attritus 
of clarain as the amorphous form of the complex 
or as a solid supersaturated solution containing a 
certain proportion of free humin. In the course of 
gc ological time the translucent matter could crystallize, 
forming the opaque attritus. Fusain (mineral char- 
coal) I consider to be the humin stripped of bitumen. 
A continuous transition of visible structure can be 
observed from certain forms of clarain up to opaque 
atiritus and up to fusain merely enveloped in bitumen. 

A. GILLET 
Service de Chimie appliquée aux 
Industries du Carbone, 
Université de Liége. 
Golumbic, C., Anderson, J. B., Orchin, M., and Storch, H. H., U.S. 
Bureau of Mines, Rep. Invest. 4662 (March 1950). 
*Thiessen, R., and Sprunk, G. C., Fuel, 15, 304 (1936). 


*Gillet, A., Proc. Inter. Conf. on Bituminous Coal, Pittsburgh (Nov. 
1931). 

‘Gillet, A., Brennstoff Chemie, 17, 421 (1936). 

Wheeler, R. V., and Stopes, M. C., Monograph on Constitution of 

Coal (1918). 

cher, F., Broche, H., and Strauch, J., Indust. Eng. Chem., 17, 707 

(1925). 

"Gillet, A., and Koutcherenko, I., Rev. Uni. Mines (Liége), (9), 5 
(1949). 

‘Gillet, A., and Collin, J., C.R. 17e Congrés Chimie Indust., Paris 
(1937) (edit. Chimie and Indust., Paris, 1937). 
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Action of Maleic Hydrazide on the Cell 


(HE substance known as maleic hydrazide (1,2- 
dil:ydropyridazine-3,6-dione) was introduced in 1949 
by the United States Rubber Co. as a “growth 
regulator’. In the past year it has been widely tested 
in laboratory and field experiments'*. Its practical 
value in enhancing winter hardiness, delaying flower- 
ing, inducing male sterility, and also in controlling 
weeds has been described*. Its growth-restricting 
effects consist of destroying the apical dominance of 
shoots, stopping root growth, and destroying germ 
cells‘. 

Since the action of maleic hydrazide is, like that 
of X-rays, specifically directed to growing tissues, 
and therefore mitotic cells, it seemed worth while 
to study its action on mitosis. Vicia Faba roots kept 
in tap water solutions above 0-0005 M concentration 
for twenty-four hours showed no mitoses for two days 
at 12-16°C. Lower concentrations did not stop 
mitosis, but instead showed breakage of chromosomes 
at mitosis. Treatment with 0-0001 M solutions for 
1-24 hr. gave recordable frequencies of breakage. 


| Radicles treated for twenty-four hours gave 0-47 


chromosome breaks per cell in 130 anaphase cells ; 
the less rapidly growing laterals gave 0-28 breaks 
per cell in 110 cells. 

\ost of the breaks were chromosome breaks, and the 
frayments showed sister reunion of their chromatids 
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at the point of breakage. The coefficient of sister 
reunion varied from 0-96 to unity for the acentric 
fragments, and 0-77 to unity for the centrics. Thus, as 
with X-rays and mustard gas, the fragments lacking 
a centromere show this defect of reproduction or of 
healing most frequently. These breaks bear a special 
relation to the heterochromatin segments which have 
been mapped by our colleague Mr. La Cour’. The 
main segments are three, all close to a centromere ; 
two large segments lie in the long nucleolar M 
chromosome on either side of the centromere ; and 
one much shorter segment lies in one of the five 
shorter S chromosomes. There are other small usually 
invisible segments. 

An exaggerated effect of a chemical agent on one 
chromosome or a heterochromatic part of a chromo- 
some has been inferred by Ford* and by Loveless 
and Revell’, both using nitrogen mustard on Vicia 
faba. With maleic hydrazide, however, it seems that 
we can go further in certain respects : 





Feulgen squash of root-tip mitosis at anaphase 24 hours after 
3 hours maleic hydrazide treatment. One unbroken M chromosome 
(stippled) has divided normally. The other (black) has been 
broken in the heterochromatic segment of the nucleolar arm. 
The acentric fragment shows two large nucleolar constrictions. 
The centric fragment is dividing and shows two small hetero- 
chromatic constrictions (from nucleic acid starvation). The two 
fragments, which have arisen by a chromosome break (B*), both 
show sister reunion (SR) at the point of breakage. (x 1,250) 


(i) Breakage seems to be effectively confined to 
heterochromatin. Of 202 breaks found, 194 were in 
the main blocks ; the other 8, lying in two invisible 
blocks, should also be regarded as induced, rather 
than spontaneous, since no breaks were found in 
about three hundred control cells. 

(ii) Breakage is confined to two of the visible seg- 
ments of heterochromatin to the exclusion of the 
third: the block in the recognizable nucleolar arm 
of the long chromosome was broken 170 times 
while the one in the other arm was never broken, 
and the block in the S chromosome was broken 
24 times. 

(iii) Breakage does not vary in direct proportion 
in different samples in the four breakable segments. 
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(iv) A nearly homogeneous treatment can be 
inferred from the slightness of the positive correlation 
between breaks within cells. 

(v) In certain other species of plants, namely, 
Rheo discolor, Muscari plumosus and Scilla sibirica, 
which have visible heterochromatin, maleic hydrazide 
has failed to break the chromosomes. 

Maleic hydyazide differs from other chromosome- 
breaking agents in not providing a sticky chromosome 
surface. 

Indeed, whereas other agents have shown some 
similarity in effect with X-rays*, here for the first 
time we have a sharp contrast. X-rays break the 
euchromatin only®, maleic hydrazide breaks the 
heterochromatin only. The new agent may even be 
a means, therefore, of defining specific kinds of gene 
in the heterochromatin. 

Since nearly all chromosome-breaking agents have 
so far proved to be cancer-producing as well, we 
must hope that the agricultural use of this new agent 
will not be encouraged before suitable tests are made. 

C. D. DARLINGTON 
Joun McL&etsu 
John Innes Horticultural Institution, 
Bayfordbury, Hertford, Herts. 
Dec. 19. 
Science, 112, 598 (1949). 
111, 152 (1950). 


* Wittwer, 5S. H., and Sharma, R. C., 
* Currier, H. P., and Crafts, A. 8., Science, 
White, D. G., Discovery, 11, 379 (1950). 


* Naylor, A. W., and Davis, E. A., Bot. Gaz., 112, 112 (1950), 


La Cour, L. F., Heredity, 5, 37 (1951). 
ord, C. E., Proc. 8th Int. Gen. Congr. (Stockholm), p. 570 (1949). 
Loveless, A., and Revell, S., Nature, 164, 938 (1949). 


D., and Koller, P. C., Heredity, 1, 185 (1947). 
D., and La‘ Cour, L. F., J. Genet., 46, 180 (1945). 


* Darlington, C 
arlington, ¢ 


Crystalline Structure of the Cuticular 
Sheath of Wool Fibres 


IN a recent communication in Nature, Alexander 
and Earland have described experiments in which 
wool keratin has been rendered soluble in dilute 
ammonia by pretreatment with peracetic acid. In 
these experiments they obtained an insoluble sheath- 
like residue, presumably the remains of the cuticle, 
amounting to some 10 per cent of the original fibre 
weight, and found, in collaboration with Happey?, 
that this material gave a 8-type X-ray photograph. 

Since Alexander, Earland and Happey attach con- 
siderable importance to this result, believing that it 
implies the existence of a $-crystalline component in 
the cuticle of untreated fibres, and that this plays 
an important part in determining the technological 
behaviour of wool fibres, we have considered it worth 
while to examine the residues obtained by treating 
Lincoln wool fibres in 3 per cent peracetic acid and 
then in 0-1.N or 1N ammonia. In none of our 
experiments, which covered a wide range of times of 
treatment in the acid and alkali, were we successful 
in obtaining a residue showing an X-ray photograph 
of the 8-type; in our more mildly treated prepara- 
tions we obtained an «-photograph, and in the rest 
one which could not be described as either « or 8, 
showing only the diffuse halos with spacings about 
10 A. and 4-5 A. which are commonly apparent in 
the photographs of poorly crystalline proteins in 
general. 

Electron microscope photographs of the residues 
showed that there usually remained, besides the 
sheath-like structure described by Alexander and 
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Earland, some other fibrous material. We have 
examined (by courtesy of Dr. Olofsson, of the Swedish 
Institute for Textile Research) electron micrographs 
of material supplied by Alexander, and these showed 
a similar heterogeneity. In our preparations, there 

fore, and probably also in those of Alexander and 
Earland, the insoluble residue contained some cortick 

material. 

We should like to suggest, therefore, that the 
8-photograph obtained by Happey does not necessarily 
prove the existence of crystalline $-keratin in th: 
untreated fibre, and that the B-form may have been 
produced during their experiment from originally 
a-type keratin. That this may easily happen is shown 
by some of our experiments, in which residues dried 
at 40° C. undoubtedly contained protein of the B-type. 
although the same material dried at 20° C. gave the 
ordinary « X-ray photograph. 

N. Peacock 
J. SIKORSKI 
H. J. Woops 
‘Textile Physics Laboratory, 
Department of Textile Industries, 
University of Leeds. 
Dec. 21. 
' Alexander and Earland, Nature, 166, 396 (1950). [See also Mariner, 
Nature, 167, 231 (1951).! 
* Happey, Nature, 166, 397 (1950). 


Enzymatic Synthesis of Deoxypentose 
Phosphate 


LirrLE is known about the pathway of biological 
synthesis of deoxypentose. As a component of 
deoxypentose nucleic acid, the synthesis of this sugar 
must play an important part in the metabolism of cell 
nuclei. 

It has been possible to demonstrate one pathway 
of enzymic synthesis of deoxypentose from triose- 
phosphate and acetaldehyde. Extracts of EL. coli, 
C. diphtherie and St. fecalis prepared by sonic dis- 
integration of the bacterial cells or by grinding with 
alumina are capable of catalysing the reversible 
reaction : 

Glyceraldehyde phosphate + acetaldehyde = 

deoxypentose phosphate. 


The heat-labile enzyme which catalyses this aldol 
condensation has been purified about eight-fold from 
extracts of E. coli. 

As shown in the accompanying table, the formation 
of deoxypentose, measured by the diphenylamine 
colour reaction, is dependent on the addition of 
aldolase, hexose diphosphate (used as source of triose 
phosphate) and of acetaldehyde. A dichromatic 


Deoxypentose phosphate 
ugm./mgm. protein 
| Crude extract | Purified enzym« 





Complete system* 70 580 
Aldolase omitted 45 70 
Acetaldehyde omitted | 0 | 0 
Aldolase and hexose diphos- 
phate omitted 3 0 
Complete system deproteinized 
0 0 


at zero time 


* The complete system contains 0-02 M of fructose diphosphate, 
1-02 M acetaldehyde, 0-05 M potassium phosphate buffer pH 7:4 






1 ml. After 30 min. incubation at 37°, the mixtures were deproteinized 


with an equal volume of 5 per cent trichloracetic acid, and deoxy-f 


pentose was determined onan appropriate sample by the di phenylamine 
colour reaction. 
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spectrophotometric procedure developed by Dr. Z. 
Dische (personal communication) was used to reduce 
interference by certain other substances giving rise 
to a green colour. As standards for the colorimetric 
tests, hypoxanthine deoxyriboside, kindly supplied 
by Dr. L. Manson, and deoxyguanosine, obtained from 
the Levene collection through the courtesy of Dr. 
R. D. Hotchkiss, were used. In crude extracts 
column 1), aldolase stimulates only slightly, and 
occasionally small amounts of deoxypentose are 
formed, even without the addition of hexose di- 
phosphate and aldolase. With the purified enzyme 
column 2), the effect of aldolase increases and no 
deoxypentose is formed in the absence of hexose 
diphosphate. Instead of adding aldolase and hexose 
diphosphate, dihydroxyacetone phosphate or glycer- 
allehyde phosphate was used in some experiments 
vith essentially the same results. Dihydroxyacetone 
phosphate was utilized at a rate about one-half that 
of glyceraldehyde phosphate, indicating that triose 
phosphate isomerase is the limiting factor in the 
purified enzyme preparation. 

rom incubation mixtures, as described for the 
experiments in the table, a substance was prepared 
which reacts with diphenylamine and cysteine’ to 
give colour reactions identical in their spectra with 
those given by deoxypentose nucleic acid. After 
destroying the residual triose phosphate of the pre- 
paration by mild alkaline hydrolysis, the compound 
was isolated as a water-soluble, alcohol-insoluble, 
barium salt. It was free of hexose diphosphate and 
triose phosphate and, when analysed by paper 
chromatography, a single reducing component was 
obtained. With 80 per cent alcohol containing 2 per 
cent acetic acid as solvent, the Rr value was 0-48. 
The free compound was eluted from large-scale paper 
chromatograms and was found to contain one phos- 
phate for each deoxypentose. This phosphate linkage 
is considerably more stable than in deoxypentose-1- 
phosphate? but much more labile than in ribose-5- 
phosphate. 

he deoxypentose phosphate obtained by this 
enzymic synthesis was degraded by the purified 
enzyme with the formation of triose phosphate and 
acetaldehyde. This breakdown process has been 
followed spectrophotometrically at 340 my by 
coupling the reaction either to the oxidation of re- 
duced diphosphopyridine nucleotide with alcohol de- 
hydrogenase and «-glycerophosphate dehydrogenase 
in the presence of triose phosphate isomerase, or by 
the reduction of diphosphopyridine nucleotide in the 
presence of seven-times recrystallized triose phos- 
phate dehydrogenase’. 

A deoxypentose phosphate was also obtained from 
a mixture of deoxypentose nucleotides‘ or from 
deoxypentose adenylic acid’ by mild acid hydrolysis 
and prepared as a barium salt. It was degraded by 
the purified enzyme in the same manner as the bio- 
synthetically obtained compound. The Rr value of 
this deoxypentose phosphate was also 0-48 under the 
conditions described above. 

The position of the phosphate linkage in the 
deoxypentose phosphate obtained from acetalde- 
hyde and glyceraldehyde phosphate has not been 
definitely established, but most likely is in the 5 
position for the following reasons. (1) The direct con- 
densation reaction between acetaldehyde and glycer- 
aldehyde phosphate should lead to the formation of 
deoxypentose-5-phosphate. (2) Deoxypentose-1-phos- 
phate is ruled out because of its lability to acid. (3) 
| The isolation of an apparently identical compound 
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from deoxyadenylic acid, which has been shown to 

be dephosphorylated by the action of a specific 5- 

nucleotidase’. 

Experiments designed to determine the utilization 
of the deoxypentose phosphate for nucleoside syn- 
thesis are in progress. 

The observations reported above and studies on 
ribose-5-phosphate metabolism in E. coli extracts 
reported previously® point to triose phosphate as the 
common intermediate between ribose and deoxyribose 
metabolism. They also demonstrate a pathway by 
which the nucleic acids can serve as potential sources 
of energy. 

E. RACKER 
Department of Microbiology, 
New York University College of Medicine 
and College of Dentistry. 
Oct. 13. 

1 Stumpf, P. K., J. Biol. Chem., 169, 367 (1947). 
Soc. Exp. Biol. and Med., 55, 217 (1944). 

* Friedkin, M., and Kalckar, M., J. Biol. Chem., 184, 437 (1950). 

* Cori, G. T., Slein, M. W., and Cori, C. F., J. Biol. Chem., 173, 605 
(1948). 

* The crude mixture of deoxynucleotides was obtained by precipitation 
of an enzymatic digest of deoxypentose nucleic acid by lead acetate 
according to Klein, W., in ““Methoden der Fermentforschung”’, 
1 (1941). 

> Volkin, E., Khym, J. X., and Cohn, W. E., J. Amer. Chem. Soc. 
(in the press). A preparation of barium adenylate was generously 
supplied by Dr. W. E. Cohn. 

* Racker, E., Federation Proc., 7, 180 (1948). 


Dische, Z., Proc. 


Phosphorylation of Vitamin D2, and the 
Action of the Phosphorylated Compound 
on Alkaline Kidney Phosphatase 


In rickets, an increase in alkaline serum phos- 
phatase may be found before any other symptoms 
have appeared. Administration of vitamin D restores 
the phosphatase value to its normal level. It is 
possible that, when there is a deficiency of vitamin D, 
an abnormally large amount of alkaline phosphatase 
is required'. Cohn and Greenberg? have put forward 
the hypothesis that vitamin D facilitates the transition 
from organic to inorganic phosphate compounds and 
can thus influence ossification. Robison’s’ investiga- 
tions indicate that alkaline phosphatase is necessary 
for ossification. Hence it seems possible that there 
is some connexion between the mode of action of 
vitamin D and that of alkaline phosphatase. Vitamin 
D, can be obtained by phosphorylation in such a 
form that it is possible to dissolve it in water and 
thus test its influence on enzymatic reactions. 

Crystalline vitamin D, (kindly supplied by AB. 
Ferrosan, Malm6) has been phosphorylated in accord- 
ance with a modification of Karrer and Bussman’s 
method of phosphorylating «-tocopherol*. 100 mgm. 
vitamin D, is dissolved in 20 ml. dry, newly distilled 
pyridine, and the solution is cooled to —5°C. All 
the following steps must be carried out in the dark. 
10 ml. pyridine containing 2 moles phosphcroxy- 
chloride per mole D,, also at a temperature of — 5° C., 
is added slowly while the whoie mixture is stirred. 
The mixture is then kept in a refrigerator for 24 hr. 
Thereafter 30 ml. ether at 0° and 30 ml. ice-cold water 
is added and the mixture shaken in a separating 
funnel. The ether phase obtained is shaken for four 
hours at 0° C. with the same volume of 2-0 per cent 
hydrochloric acid, then once again with 2-0 per cent 
hydrochloric acid for half an hour. The pyridine-free 
ether phase is washed repeatedly with ice-cold water 
and then dried with sodium sulphate. The ether 
solution is evaporated over a water-bath and the 
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residue dissolved in 10 ml. ethanol. After addition 
of 2-5 ml. of 2 per cent sodium hydroxide in methanol, 
the sodium salt of phosphorylated vitamin D, is 
slowly precipitated. The phosphate ester obtained 
is soluble in water but is labile in such a solution. 
The water solution gives absorption in the ultra- 
violet region, maximum at 2630A. The phos- 
phorylated vitamin D gives an antimony trichloride 
reaction® with absorption maximum at 4990 A. The 
phosphorylated vitamin is biologically active when 
tested by the line test method. 

Alkaline phosphatase from kidneys was prepared 
by the method of van Thoai, Roche and Sartori*. 
Enzyme activity was determined by Buch and 
Buch’s method? with sodium phenyl phosphate as 
substrate. 

Vitamin D, suspended in water has no influence 
on the activity of alkaline kidney phosphatase. 
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Activation of alkaline kidney phosphatase with phosphorylated 
vitamin D,. 
Curve I, incubation without vitamin; Curve II, incubation with 
vitamin. Total volume, 12-5 ml. in each of the incubations. 
The solutions contained 0°25 mgm. erzyme. Substrate con- 
centration, 6:4 x 10-*M. Concentration of phosphorylated 
vitamin D,, 4°8 x 10°°M; pH 10-0. Incubation at 37° C. 


The accompanying graph shows the effect of phos- 
phorylated vitamin D, on alkaline kidney phos- 
phatase activity. If phosphorylated vitamin D, is 
added to the incubation solution, the enzyme activity 
is twice as high at the beginning of incubation as 
in the solution without vitamin D,. In the experiment 
with the vitamin, the curve seems to be made up 
of several components. At first, there is high enzym- 
atic activity ; then the enzymatic activity becomes 
similar to that obtained without the vitamin. Finally, 
the form of the curve suggests an approach to an 
asymptote. 

Harrison and Harrison’ showed that rachitic dogs 
treated with vitamin D can utilize phosphate better, 
through increasing the possibilities for its reabsorption 
in the kidney tubules. This improvement in the 
utilization of phosphate following administration of 
vitamin D could be due, at least to a certain extent, 
to an in vivo effect on alkaline kidney phosphatase, 
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since the activation of phosphatase may facilitate 
re-absorption of phosphate in the kidneys. 
Further studies in this field are in progress. 
RoutF ZETTERSTROM 
Department of Metabolic Research, 
Wenner-Gren Institute, 

University of Stockholm. Nov. 8. 
‘Morris, N., Stevenson, M. M., Peden, O. D., and Small, J. M. D., 

Arch. Diseases Childhood, 12, 45 (1937). 
* Cohn, W. E., and Greenberg, D. M., J. Biol. Chem., 130, 625 (1939). 
* Robison, R., Ergeb. Enzymforsch., 1, 280 (1932). 
‘ Karrer, P., and Bussman, G., Helv. Chim. Acta, 23, 1137 (1941). 
* Brochman, H., and Chen, J. H., Z. physiol. Chem., 241, 129 (1936 
* Van Thoai, N., Roche, J., and Sartori, L., C.R. Soc. Biol., 138, 47 

(1944). 
? Buch, I., and Buch, H., Acta Med. Scand., 101, 211 (1939). 
* Harrison, H. E., and Harrison, H. C., J. Clin. Invest., 20, 47 (1941), 


Distribution of Chthamalus stellatus 
in the Irish Sea 

In a previous letter announcing the discovery of 
the barnacle Chthamalus stellatug in the Isle of Man, 
it was pointed out that large areas of the Irish Sea 
coasts had never been investigated'. A complete 
investigation was begun after finding Chthamalus at 
Portpatrick, Galloway, in November 1949. The 
investigation has recently been completed, and it is 
possible both to confirm and amplify the recent 
records of Crisp? and Williams’. 

Chthamalus is present all round the coasts of the 
Irish Sea and North Channel, except for part of the 
Welsh coast between Carmel Head, Anglesey, and 
Hilbre Is., Cheshire (see map). At these two places 
Chthamalus is very sparse, and it is apparently com- 
pletely absent in between them. A low population- 
density also occurs at Howth and Bailey Point, Co. 
Dublin, and at Island Magee, Co. Antrim, stations 
at which Chthamalus does not appear to have altered 
greatly since Moore’s and Kitching’s records (sparse, 
Irelands Eye (near Howth) ; absent, Island Magee)‘. It 
is quite possible that the barnacle was overlooked at 
the latter place, for much of the substratum, apart 
from Black Head and the Gobbins (at which places 
Chthamalus is present) is chalk, and, as was found in 
the Dorset area, chalk does not seem to be favourable 
to Chthamalus*. In fact, in Northern Ireland 
Chthamalus was found on chalk only west of Fair 
Head, where the species is the dominant barnacle. 
The Mull of Kintyre was reinvestigated as the previous 
absence record‘ was felt to be incompatible with the 
Irish results, and the Chthamalus population at the 
Mull Lighthouse was found to be identical with that 
at Fair Head just opposite. 

Perhaps the most interesting features of the 
distribution in the Irish Sea are the areas of high 
density where Chthamalus may reach as far down 
the intertidal zone as mid-tide level. Such an area 
extends from the Mull of Galloway to New Brighton, 
although as Crisp has pointed out? only artificial sub- 
strata are available along most of the sandy Lanca- 
shire coast ; in much of this region the salinity of the 
coastal water is below 32°/5,%*, and there is a pre- 
dominance of the planktonic chetognath Sagiita 
setosa for most of the year’*. Yet in the Isle of Man, 
with a salinity of 34°/,.°* and a predominance of 
Sagitta elegans’*, Chthanalus is much less abundant 
and confined to a small zone near high water. On 
the Irish coast a region of high density lies between 
Donaghadee and Skerries (Co. Dublin), an area where 
the salinity of the coastal water is above 33-5°/9. °*. 
The Sagittz in this region have not yet been investig- 
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ated, but near Howth Sagitia elegans is dominant’. 
In the English Channel near Plymouth, where there 
is nearly 100 per cent Chthamalus*, Sagitta setosa is 
predominant®-!®, while in the North Sea S. elegans is 
present as far south as the Firth of Forth all the 
year round", although Chthamalus does not appar- 
ently occur on the east coast of Scotland‘. if S. 
e-gans is an ‘Atlantic water’ species®, in view of 
the above evidence it is difficult to see how Moore’s 
and Kitching’s theory* of a relation between Atlantic 
water and the distribution of Chthamalus can be 
maintained. 

Observations made at Plymouth® seem to indicate 
that Chthamalus is increasing and Balanus decreasing 
in the British Isles, for Moore’s records'? show a 
50 per cent Balanus population at Tinside, whereas 
the present population is almost all Chthamalus, and 
there are similar changes in other localities near by. 
In support of this supposition, there is the apparently 
recent occurrence in the Isle of Man', although the 
previous reported absences*:'* are far from conclusive ; 
but against this must be placed the very little differ- 
ence in abundance observed in Co. Dublin, south Co. 
Antrim, Anglesey and the Clyde** compared with 
fifteen years ago*. The general amelioration of clim- 
atic conditions in northern Europe during the past 
hundred years is well known", and Dahl'® has been 
able to connect an increase in mean water tempera- 
ture, arising from this, with an increase in the pro- 
portion of warm-water species of Amphipoda in the 
Oresund (Baltic). It is tempting to couple in a similar 
way the increase in winter air-temperature in the 
British Isles'*, resulting from the climatic change, 
with the seeming increase in the distribution of 
Cithamalus ; but although the barnacle does appear 
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to be limited by low winter air-temperature, the 
previous biological evidence is not sufficient to allow 
any conclusion. It is hoped that future work will clear 
up some of the points raised in this communication. 

I wish to express my gratitude to the Council of 
the Royai Society and to the Browne Committee for 
a grant from the E. T. Browne Fund which enabled 
the investigations to be carried out. I am also 
grateful to Prof. J. H. Orton, Mr. F. S. Russell and 
Dr. D. J. Crisp for discussions and advice on this work. 

ALAN J. SOUTHWARD 

Marine Biological Station, 

Port Erin. Oct. 31. 
’ Southward, A. J., Nature, 165, 408 (1950). 
* Crisp, D. J., Nature, 166, 311 (1950). 
* Willams, G., Nature, 166, 311 (1950). 
e ioe, E. B., and Kitching, J. A., J. Mar. Biol. Assoc., 23, 521 
* Personal observations. 
* Proudman, J., Phil. Trans. Roy. Soc., A, 239, 579 (1946). 
? Pierce, E. L., J. Mar. Biol. Assoc., 25, 113 (1941). 
* Williamson, D. I. (personal communications). 
* Russell, F. S., J. Mar. Biol. Assoc., 20, 309 (1935). 
Corbin, P. G., J. Mar. Biol. Assoc., 27, 65 (1947). 
1! Marshall, N. B., Hull Bull. Mar. Ecol., 2, 13, 173 (1948). 
1 Moore, H. B., J. Mar. Biol. Assoc., 20. 701 (1936), 
‘8 Chipperfield, P. N. J. (personal communications), 
Manley, G., Quart. J. Roy. Met. Soc., 72, 1 (1946). 
'S Dahl, E., Lunds Univ. Arsskrift N. F. Avd. 2, 42, No. 16, 1 (1946). 


A Method of controlling Fungal Spores or 
Mycelium during Treatment with Liquids 


A QUANTITY of small pieces of paper (size approx- 
imately 3 cm. x 1 cm.) are cut out and a small hole, 
to facilitate manipulation by a bent inoculating 
needle, punched near one end ; any unglazed type of 
paper, preferably one which will 
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not disintegrate or tear too easily 
when it is wetted, is suitable. 
After sterilizing a number of these 
by dry heat (1 hr. at 150° C.), one 
of the slips of paper is transferred 
to a sterile Petri dish and a small 
mass of conidia or spores is placed 
on the unpunched end of the paper. 
Using the end of a glass rod (flame- 
sterilized), this mass of spores is 
ground into the paper with a firm 
pressure and a circular movement. 
This operation forces the spores 
among the fibres of the paper, 
where a large proportion of them 
are held firmly. Washing, by 
vigorously swirling the paper 
around in a flask of sterile water, 
will dislodge the less firmly held 
spores. The piece of paper carry- 
ing the spores may then be 
transferred to the liquid, for ex- 
ample, a fungicide, the effect of 
which is being examined, and 
after subsequent washing it may 
be laid flat on a medium and in- 
cubated to observe germination. 
A modification of the above 
method is effective for manipu- 
lating fungal mycelia. A number 
of the above slips of paper, pre- 
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Distribution of Chthamalus stellatus in the Lrish Sea during 1950, 


are in exposed situations. 


Figures represent the 
estimated percentages of Chthamalus compared with the total barnacle population. 
Estimates are based mainly on width of zone occupied and not density. 
Stations marked §§ are from information supplied by D. J. Crisp 


viously sterilized, are laid on the 
medium in a Petri dish radially 
around the point of inoculation of 
the fungus. The dish is incubated 
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until such time as the hyphz have grown some way on 
to, and among, the fibres of the papers. The papers 
are then lifted carefully, carrying with them a quan- 
tity of the growing mycelium embedded among the 
fibres, and transferred to the liquid for soaking. The 
slips of paper can afterwards be washed and laid flat 
on the surface of a medium and incubated to observe 
growth. 

Use of thig method ensures that, as the spores or 
mycelium are embedded in the fibres of the paper, 
there is complete contact with the liquid they are 
immersed in, and small particles are not shielded from 
it by bubbles of air. The texture of the paper used 
can be varied according to the spore size of the 
fungus which is being tested. 

R. 8S. C. AyTroun 
Department of Mycology, 
University, Edinburgh. Nov. 2. 


Susceptibility of Solanum curtilobum to 
Spongospora subterranea (Wallr.) Johnson 


Ir has been stated by Dorojkin' that Solanum 
curtilobum and eight other South American species 
and varieties of Solanum are immune from Spongo- 
spora subterranea, the causal agent of powdery scab 
of potatoes ; in this paper the number 8008 is linked 
with S. curtilobum, as are other numbers with the 
other Solanum species, and these are presumably the 
reference numbers of individual lines which were being 
used. Bukasov? quotes Dorojkin and states that 
immunity from powdery *cab has been established in 
S. curtilobum and t! it other species and varieties. 
This statemen* e4 repeated by Hawkes’ and 
Black*, but in papers no mention is made of 
the reference nut cs of the individual lines con- 
cerned. It might be assumed, therefore, that S. 
curtilobum as such is immune, despite the fact that 
many lines or varieties of this species exist. That 
some of these lines at least do not carry immunity 
was shown by the following experiments. 

In the 1948 and 1950 seasons several lines of S. curti- 
lobum were tested at this Station, together with a 
number of commercial varieties of S. tuberosum, for 
susceptibility to powdery scab. The method adopted 
was as follows: sterilized soil was inoculated with 
spore balls of S. subterranea collected from a large 
quantity of affected tubers. After addition of an 
adequate amount of a complete fertilizer, ground 
shell lime was added in an amount calculated to 
bring the pH of the soil to 7-2, since it had been 
found, in previous experiments, that at this pH 
excellent infection of susceptible varieties was 
obtained. Pots were filled with this soil, which was, 
thereafter, kept as far as possible at a moisture con- 
tent of about 85 per cent of its field capacity either by 
daily watering and periodical check-weighing or by 
standing the pots in shallow pans of water. Tubers of 
the varieties to be tested were surface sterilized in 
2 per cent formalin prior to planting in this soil. 

In 1948, two plants of one line (Commonwealth 
Potato Collection No. 2192) of S. curtilobum were 
grown. One of the plants was examined when the 
haulm had completely died down and the root system 
had disintegrated. Only a few small tubers were pro- 
duced and these were free from infection. Examina- 
tion of the roots and stolons of the other plant at an 
earlier stage, however, revealed numerous nodules of 
proliferated tissue bearing masses of S. subterranea 
spore bails in many stages of development. In parallel 
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tests witi the commercial variety Epicure, many 
nodules were observed on the roots of the plant lifted 
before maturity, while the tubers produced by the 
plant which was allowed to mature were fairly 
severely affected, bearing on the average 23 pustules 
per tuber. 

The experiment was repeated in 1950 using three 
other lines of S. curtilobum (CPC. 221, 247, 2191) as well 
as CPC 2192, which was tested previously. Conditions 
in this experiment were unfortunately not ideal for 
infection, and the tubers of the Epicure control plants 
were only slightly attacked. It is not surprising, 
therefore, that no pustules were observed on any of 
the S. curtilobum tubers. In two of the lines, CPC 2191 
and 2192, however, nodules bearing S. subterranea 
spore balls were again observed on the stolons. 

It is concluded that although immunity from S. 
subterranea may exist within the species S. curtilobum, 
certain lines are susceptible, at least in the stolons 
and roots. S. curtilobum as such, with no reference 
to particular lines, cannot therefore be claimed as 
immune from powdery scab. It would be unusual 
to find tuber immunity associated with stolon 
susceptibility ; but to come to some definite con- 
clusion on this point, more severe conditions of 
experimental infection would be necessary than those 
obtaining in the above tests. 

Thanks are due to Dr. J. C. Haigh for supplying 
the S. curtilobum lines which were tested. 

A. E. W. Boyp 
Department of Agriculture for Scotland, 
Plant Pathology Laboratory, 
East Craigs, Corstorphine, 
Edinburgh. Sept. 30. 
' Dorojkin, N. A., in “‘Powdery Scab of Potatoes’, White Russ. Acad, 
Sci., Inst. Biol. Sci., Minsk, 5 (1936). 
* Bukasov, S. M., Physis. B. Aires., 18, 41 (1939). 
* Hawkes, J. G., Emp. J. Exp. Agric., 18, No. 49, 11 (1945). 
* Black, W., Farming (Norwich), 1, 327 (1947). 
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Echoes from the D- and F,-Layers on a 
Frequency of 21 Mc./s.? 


DurRING the month of November and up to the 
time of writing (December 20), we noticed, while we 
were sending out pulses on a frequency of 26 Mc./s., 
an unknown station was apparently sending pulses on 
a frequency of about 21-7 Mc./s. The station appeared 
to be rather distant, as the ground wave (?) received 
was fading very badly at times. As we do not know 
the location of this station, we think it may be 
interesting for ionosphere workers to know of the 
reception of these pulses at Macau Observatory. 

The pulse covered about 10 km. on our display. 
Most of the time, at a virtual height of about 
40-50 km., there were shown echoes of varying in 
tensities, and often double echoes. These D(?)-layer 
echoes sometimes remained strong, while the pulse itself 
was almost reduced to zero by the fading. Sometimes 
these D-echoes were absent during several minutes, 
only to show again with this intermittent period. 

More rarely, another weak to very strong pulse or 
echo was noticed at a virtual height of 400-500 km. 
It may have been simply the reception of the pulse 
having gone round the world ; but we would rather 
regard this echo as an f,- or G-layer echo. 

The time of emission of these pulses was regularly 
from 09 until 12h. G.M.T. 

E. GuErzi, S.J. 


ZiKaWei Observatory ; 
now at the Macau Observatory. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Sunday, March II 


[NTERNATIONAL HAEMOPHILIA Society (at the Society for Visiting 
Scientists, 5 Old Burlington Street, London, W.1), at 2.30 p.m.— 
Annual General Meeting. 


Monday, March 12 


Rox AL GEOGRAPHICAL gy (at 1 Kensington Gore, London, 


8.W.7), at 5 p.m.—Dr. W . Mead: “Finnish Karelia’ 
pb andi OF etd ENGINEERS (at Savoy Place e, Victoria 
Embankment, London, W.C.2), at 5.30 p.m.—Discussion on “Electronic 


Power Control of Motors’’ (to be opened by Mr. E. W. Forster). 
MANCHESTER LITERARY AND PHILOSOPHICAL SoOcrETY (in the Rey- 


n - Hall, Coliege of Technology, Manchester), at 5.30 p.m.—Dr. 
H Buc ekley : “Studies in the Growth and Habit Modifications of 
Cr 4 als”. 


OCIETY OF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS, 
z \LOGICAL METHODS GROUP (at the Chemical Society, Burlington 

use, Piccadilly, London, W.1), at 6.30 p.m.—Discussion on “‘The 
- iluation of Drugs in Man’”’.* 


Tuesday, March 13 


CHADWICK PuBLIC LECTURE (at the Royal Sanitary et, 90 
Bu kingham Palace Road, London, 8.W.1), at 2.30 p.m.—Mr. G. V. B. 


Herford: “Insect Infestation of Stored Foodstuffs”.* 
JOOLOGICAL SocteTy OF LONDON (at the Zoological Gardens, 


Regent’s Park, London, N.W.8), at 5 p.m.—Scientific Papers. 
Lverntcs Society (at the Royal Society, Burlington House, 
Piccadilly, London, W.1), at 5.30 p.m.—Dr. H. J. Eysenck: “A 
Study of Neuroticism in Twins’’.* 
[NSTITUTE OF PHYSICS, ELECTRONICS 
Square, London, 8.W.1), at 5.30 p.m.- 
Oscillations”’.* 
INSTITUTION OF ELECTRICAL 


(at 47 
Gabor : 


Belgrave 
“Plasma 


GRouP 
-Dr. D. 


ENGINEERS (joint meeting of the 
MEASUREMENTS and RADIO SEcTIONS, at Savoy Place, Victoria 
Embankment, London, W.C.2), at 5.30 p.m.—Mr. R. C. Woods and 
Mr. J. K. Martin: “‘The Testing of Fine Wires for Telecommunication 
Apparatus’; Mr. J. K. Choudhury and Mr. Arvon Glynne: ““The Use 
of an Electrostatic Wattmeter for Magnetic-Loss Measurements’’. 

NSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
" Stone y’s Gate, St. James’s Park, London, 5.W.1), at 5.30 p.m.— 
Dr. J. R. Bristow, Mr. P. Metcalf and Mr. C. H. G. Mills: ““The Use 
f Wire-resistance Strain- -gauges in Automobile Engineering, with 
particular re ference to the Measurement of Strain in Vehicle Struc- 
tures’’, 

SOCIETY OF CHEMICAL INDUSTRY, CHEMICAL ENGINEERING GROUP 
(at the Geological Society, Burlington House, Piccadilly, London, 
W.1), at 5.30 p.m.—Mr. I. Lubbock: “Possible Applications of Gas 
Turbines in the Chemical Industry”’ 

LLUMINATING ENGINEERING SOCIETY (joint meeting with the ROYAL 
[INSTITUTE OF BRITISH ARCHITECTS, at 66 Portland Place, London, 
W.1), at 6 p.m.—Mr. W. A. Allen and Dr. R. G. Hopkinson: “‘The 
Lighting of Buildings’’. 

GEOGRAPHICAL ASSOCIATION, MANCHESTER BRANCH (joint meeting 
with the MANCHESTER GEOGRAPHICAL SOCIETY, at the Geographical 
Hall, 16 St. Mary’s Parsonage, Manchester), at 6.30 p.m.—Brigadier 
G Bomford: ‘‘The Choice of Projections for Atlases’; Mr. D. P. 
Bickmore: **The Compilation Aspects of Cartography”. 

EXTILE INSTITUTE, Yorkshire Section (at the Midland Hotel, 
Bradford), at 7 p.m.—Dr. A. B. D. Cassie: “Spinning Problems’’. 

[NCORPORATED PLANT ENGINEERS, EAST LANCASHIRE BRANCH 
(at the Engineers’ Club, Albert Square, Manchester), at 7.15 p.m. 

Mr. F. C. Tyrrell: “Installation and Maintenance of Fluorescent 
Lighting in Industry”’ 


OCIETY OF INSTRUMENT TECHNOLOGY, NORTH- WEST SECTION (as 


Colle ge of Technology, Mancheste r), at 7.30 p.m.—Myr. H. 
\Wvodley : “Problems in Instrument Maintenance”’ 
Tuesday, March 13—Thursday, March I5 
[NSTITUTE OF METALS (at 4 Grosvenor Gardens, London, S.W.1).— 


Annual General Meeting. 


Wednesday, March 14 


Symposium on ‘‘Met allurgical Aspects of the 
Non-Ferrous Metals and Alloys’’. 


Cold-Working of 


Wednesday, March 14 
[NSTITUTE OF FUEL (at Bradford), at 10.30 a.m. and 2 p.m. 
“Drying in the Textile, Paper and Allied Industries’’.* 
GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 


-Papers 


London, W.1), at 5 p.m.—Scientific Papers. 
a STATISTICAL Society (at the Reform Club, King 
Street, Manchester), at 5.30 p.m.—-Prof. J. R. Hicks: “Free Trade 





and Radeon Economics”’. 
PHYSICAL Society, Low 
eatre, Science Museum, 


TEMPERATURE GROUP (in the Lecture 
Exhibition Road, London, 8.W.7), at 
5.30 p.m.—Dr. B. Berman: “The Heat Conductivities of Ordered 
aud Disordered Phases at Very Low Temperatures”’ 

MANCHESTER METALLURGICAL SocreTy (at the Engineers’ Club, 
Albert Square, Manchester), at 6.30 p.m.—Mr. H. G. Dale: “‘Precious 
Metals in Industry”’ 


NATURE 
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OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at the 
Royal Society of Tropical Medicine and Hygiene, 26 Portland Place, 
London, W.1), at 7 p.m.—Dr. R. B. Waters and Mr. E. B. Robinson: 
“Urethane Oils”. 

BRITISH INSTITUTION OF RADIO ENGINEERS, SOUTH MIDLANDS 
SECTION (in the Exhibition Gallery, Public Library, Rugby), at 7.15 
p.m.—Mr. R. G. Kitchem: “A Transmitter for an Experimental 
8-Channel Carrier Wire-Broadcasting System’’. 

CHEMICAL SOcIEgTy (joint meeting with the INSTITUTE OF CHEMISTRY 
OF IRELAND, in the Department of Chemistry, University College, 
Dublin), at 7.45 p.m.—Mr. S. H. Bales: ‘* The Production and Applica- 
tions of Radioactive Isotopes’”’ 


Wednesday, March |14—Thursday, March 15 


INSTITUTION OF NAVAL ARCHITECTS (on board the Honourable 
Company of Master Mariners’ Headquarters Ship Wellington, Temple 
Stairs, Victoria Embankment, London, W.C.2).—Annual General 
Meeting. 


Thursday, March I5 


CHEMICAL Socrety (joint meeting with the ROYAL INSTITUTE OF 
CHEMISTRY and the SocrETY OF CHEMICAL INDUSTRY, at the Univer- 
sity, Manchester), at 10 a.m., 12.30 p.m., 2.30 p. m. and 5.30 p.m. 
Symposium on “The Chemistry of Cell Division” 

PHYSICAL Society, ACOUSTICS GROUP (joint meeting with the 
IRON AND STEEL INSTITUTE and the INSTITUTE OF METALS, at 4 
Grosvenor Gardens, London, 8.W.1), at 2.30 p.m.—Discussion on 
“Internal Friction of Solids’’. 

ROYAL Society (at Burlington House, Piccadilly, London, ¥. 1), 
at 4.15 p.m.—Election of Fellows; Mr. A. Jobling and Dr. A. 
Lawrence: “‘Viscosities of Liquids at Constant Volume”’ ; Mr. J. R. D: 
Francis: ““The Aerodynamic Drag of a Free Water Surface” 

ROYAL SOCIETY OF ARTS, DOMINIONS AND COLONIES SECTION (at 
John Adam Street, Adelphi, London, W.C.2), at 4.30 p.m.—Prof. 


A. D. Ross: “‘Physical Science’s Contribution to Australian Industrial 
Development”. 
LONDON MATHEMATICAL Society (at the Royal Astronomical 


Society, Burlingt« n House, Piccadilly, London, W.1), at 5 p.m.—Prof. 
W. V. D. Hodge : “Complex Manifolds’. 

INSTITUTE OF FUEL (at the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, London, S.W.1), at 5.30 p.m.— 
Papers on “Drying of Pastes, Powders and Crystals’”’ and “Drying 
of Liquids, Solutions and Slurries’’.* 

INSTITUTION OF ELECTRICAL ENGINEERS, Meier SECTION (at 
Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.— 
Mr. T. H. Petch: ‘Transients in Electric Mine Winders and their 
Effects on Rope Stresses’’. 

ROYAL AERONAUTICAL SOCIETY (at the Institution of _ an ngineers, 
Great George Street, London, S.W.1), at 6 p.m.—Mr. H. . Conway 
and Mr. R. H. Bound: “Progress towards Hydraulic se - a ability”’ 

CHEMICAL SOCIETY (joint meeting with the ROYAL INSTITUTE OF 
CHEMISTRY and the SOCIETY OF CHEMICAL INDUSTRY, in the Chemistry 


Department, The University, Bristol), at 7 p.m.—Dr. W. H. J. Ver- 
non: “‘Recent Progress in the Study of Metal Oxidation and Cor- 
rosion’’. 


INSTITUTE OF METALS, LONDON SECTION 2, 4 Grosvenor Gardens, 
London, 8.W.1), at 7 p.m.—Dr. J. Bailey ‘The Wetting of Metal 
Surfaces”. 

CHEMICAL Society (at Burlington House, Piccadilly, London, W.1), 
at 7.30 p.m.—Scientifie Papers. 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at the Royal 
Army Medical College, Millbank, London, 8.W.1), at 7.30 p.m.— 
Laboratory Meeting. 


Friday, March 16 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Mathematics Main 
Lecture Theatre, Huxley Building, Exhibition Road, London, 8.W.7), 
at 11 a.m.—General Meeting on “Birds and Rodents in relation to 
Agriculture”’ 

BIOCHEMICAL SoOcrgETy (in the Department of Biochemistry, Univer- 
sity College, Gower Street, London, W.C.1), at 11.30 a.m.—Annual 
General Meeting; at 2 p.m.—Scientific Papers. 

SocIETY OF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS 
(at the Royal Society, Burlington House, Piccadilly, London, W.1), 
at 3.15 p.m.—Annual General Meeting; Address of the Retiring 
President, Mr. George Taylor. 

CHEMICAL Society (joint meeting with the UNIVERSITY CHEMICAL 





Socrety, in the Chemistry Department, The University, Birmingham), 
at 4.30 p.m.—Prof. H. J. Emeléus, F.R.S.: “Some Recent Advances 


in the Chemistry of Fluorine Compounds’’. 

INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kens sington Gore, London, 8.W.7), at 5 p.m.—Dr. G. E. R. Deacon, 
F.R.S. ‘Applications of Oceanographical Research to Navigation’’. 

PHYSIC AL SOCIETY (in the Lecture Theatre, Science Museum, Ex- 
hibition Road, London, 8.W.7), at 5 p.m. Prof. N. F. Mott, F.R.S. : 
“The Mec hanical Properties of Solids’’ (35th Guthrie Lecture). 

INSTITUTION OF MECHANICAL ENGINEERS (joint meeting with the 
HYDRAULICS GRoUP, at Storey’s Gate, St. James’s Park, London, 
8.W.1), at 5.30 p.m.—Mr. B. Cooke :’ “Pipe Joints for Hydraulic 
Power Transmission” 

INSTITUTE OF PHYSICS, 
Belgrave Square, London, S.W.1), at 6.30 p.m.- 
“The Physics of Radiography” 

SocIETY OF DYERS AND COLOURISTS, MANCHESTER SECTION (at the 
Gas Showrooms, Town Hall Extension, Manchester), at 6.30 p.m.— 
Dr. Lochner: “The Acramin Pigment Printing Process using Aqueous 
Binding Agents’. 


INDUSTRIAL RADIOLOGY GROUP (at 47 
-Mr. H. S. Peiser : 
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MANCHESTER STATISTICAL Socrsty, INDUSTRIAL GrovuP (at the 
Albert Hall, Peter Street, Manchester), at 6.45 m.—Mr. Ww 8. 
Sondhelm: “Technical Control in the Cotton In — = 

INSTITUTE OF ECONOMIC ENGINEERING (at the George Hotel, Kings- 
bury, London, N.W.9), at 7 p.m.—Dr. John Wm. Parker: “The 
Punched Card System and its Application to Management”’. 

INSTITUTS OF PHYSICS, MANCHESTER AND DisTaicr BRANCH (in 
the New Physics Theatre, The University, Manchester), at 7 p.m.— 
Dr. H. K. Henisch: “Crystal Valves’. 

INSTITUTION OF STRUCTURAL ENGINEERS, LANCASHIRE AND CHESHIRE 
BRANCH (in the Reynolds Hall, College of Technology, Manchester), 
at 7 p.m.—Mr. L. W. Elliot: “‘Pre-Stressed Concrete in Architecture”’. 

TEXTILE INSTITUTE, MIDLANDS SEcTION (joint meeting with the 
LEICESTER T EXTILE Society, in Room 104, The College of Technology, 
Leicester), at 7 p.m.—Dr. C. 8. Whewell : “Processing and Character- 
istics of Fabrics made from Blends of Synthetic and Natural Staple 
Fibres’’. 

INSTITUTE OF ECONOMIC ENGINEERING (at the Engineers’ Club, 
Albert Square, Manchester), at 7.30 p.m.—Mr. H. E. Kearsey: 
“Education for Management” 

ROYAL SOCIETY OF MEDIOINE (at 1 Wimpole Street, London, W.1), 
at 8.15 p. m. Dr. B. . Low-Beer: “Isotope Research and Clinical 
Radiology” 

ROYAL INSTITUTION (at 21 
9 p.m.—Sir Lawrence Bragg, F.R.S.: 
in the Cavendish Laboratory” 


Albemarle Street, London, W.1), at 
“Crystallographic Research 


Saturday, March !7 


ROYAL ANTHROPOLOGICAL INSTITUTES (in the Eugenics Theatre, 
University College, Gower Street, London, W.C.1), at 12.15 p.m.— 
Dr. A. BE. Mourant: “Recent Progress in Serological Anthropology”’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

JOINT SECRETARIES OF THE ya BoarD—The Registrar, 
The University, Manchester 13 (March | 

SPECIALIST ADVISORY OFFICERS in soll aon the chemistry 
of animal nutrition, entomology, plant pathology and bacteriology 
(applicants for these posts must a degree in an appropriate 
science); also ASSISTANTS for the Officers referred to above on field 
and laboratory work (an academic qualification is not essential. but 
some knowledge of agriculture is desirable), and CHEMISTS for analytical 
work on soils, feeding stu‘fs and other agricultural materials (applicants 
must possess a a degree in chemistry or equivalent)—The Secretary, 
Civil Service Commission, Burlington Gardens, London, W.1, quoting 
No. 129/51 (March 15). 

CURATOR OF THE MusecM at the University College of the Gold 
Coast—The Secretary, Inter-University Council for Eig »1 Educa- 
tion in the Colonies, 1 Gordon Square, London, W.C.1 (March 17). 

DEMONSTRATORS IN THE DEPARTMENT OF ANATOMY—The Registrar, 
The University, Liverpool (March 17). 

Puysics or CHEMISTRY GRADUATE to assist in isotopic tracer 
research (radioactive elements and mass spectrometer)—The Professor 
of Physics, The University, Reading, Berks (March 19). 

LECTURERS, or ASSISTANT PROFESSORS (2) IN THE DEPARTMENT 
or Puysics—The Dean, Faculty of Arts and Science, University of 
Alberta, Edmonton, Canada (March 31). 

TECHNICAL OFFICER, to be responsible for the care of small] lab- 
oratory animals and for the conduct of experiments under the direction 
of the Chief of the Division. in the Commonwealth Scientific and 
Industrial Research Organization, Division of Biochemistry and 
General Nutrition, at the Nutrition Laboratory, The University, 
Adelaide, South Australia—The Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, Africa House, Kingsway, London, 
W.C.2, quoting No. 3308 (March 31). 

ASSISTANT LECTURER IN ANATOMY—The Secretary, 
College, Gower Street, London, W.C.1 (April 14). 

SCHOLARSHIP to a male student from England or Northern Ireland 
at the Colorado Schoul of Mines—The Cultural Relations Officer, 
American Embassy, 5 Grosvenor Square, London, W.1, or the Secre- 
tary, Association of Universities of the British Commonwealth, 5 
Gordon Square, London, W.C.1 (May 1). 

IMPERIAL CHEMICAL INDUSTRIES, LIMITED, RESEARCH FELLOWSHIPS 
subjects—The Registrar, The University, Leeds 2 


University 


in various 
(April 30) 

McILRATH SENIOR RESEARCH FELLOWSHIP in any of the subjects 
of the medical curriculum, and KanN JUNIOR RESEARCH FELLOWSHIP 
in any one of the subjects of the medical ——- a Registrar, 
The University, Sydney, N.S.W., Australia (May 

ASSISTANT BIOCHEMIST within the No. 2 a th "a Hospitals, to 
work under the direction of the Group Pathologist -The Secretary 
City Hospital, Hucknall Road, Nottingham. 

MASTER to teach Zoology to Scholarship standard and Biology 
and General Science to O level (keen interest in fleld work essential) 
—The Headmaster, Blundell's School, Tiverton. 

ScIENTIFIC ASSISTANT to the Secretary of the Agricultural 
Research Council] (Senior Principal Scientific Officer grade, at the 
Council's headquarters in London) to act as the Secretary's scientific 
assistant for that part of agricultural research which is directed to 
the solution of problems arising from animal breeding, husbandry, 
nutrition and health—'lhe Secretary ~ egg —_— Council, 
Cunard Building, 15 Regent Street, London, 8.\ 
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REPORTS and other PUBLICATIONS 


(not included in the thly Books Supplement) 





Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London. Series 
A: Mathematical and Physical Sciences. No. 859, Vol. 243: The 
Westward Drift of the Earth’s Magnetic Field. By E. C. Bullard, 
Cynthia Freedman, H. Gellman and Jo Nixon. Pp. 67-92. (London 
Cambridge University Preas, 1950.) 6s. [3010 

Glasgow Art Gallery and Museums. Report for the Year ended 
aaa Pp. 32. (Glasgow : Glasgow Art Gallery and Museuins, 

50. $ 10 

Colonial Office. Colonial Research Studies, No. 1: Social ede nee 
Research in Sarawak; a Report on the Possibilities of a Social 
Economic Survey of Sarawak presented to the Colonial Social Science 
Research Council. By Dr. E. R. Leach. Pp. ii+93. (London: H.M, 
Stationery Office, 1950.) 8s. 6d. net. (3010 

Department of Scientific and Industrial Research : 
Research Laboratory. Handbook of Chemical Methods for the 
Determination of Uranium in Minerals and Ores. Pp. iii+22. (London: 
H.M. Stationery Office, 1950.) la. net. [3010 

Zine and Spelter : Notes on the Early History of Zinc from Baby lon 
to the 18th Century. Compiled by ‘J. M. Dawkins. Pp. iv +35, 
(Oxford: Zine Development Association, 1950.) Free. (3010 

Annual Report of the Director of the Meteorological Office prese nted 
by the Meteorological Committee to the Secretary of State for Air 
for the Year April 1, 1949, to March 31, 1950. (M.O. 537.) Pp. 52. 
(London: H.M. Stationery Office, 1950.) le. 3d. net. 3010 

Forestry Commission. Forest Record No. 4: Cambial Enjuries in 
a Pruned Stand of pees Se By W. R. Day. Pp. 12. net, 
Forest Record No. 5: General Volume "Tabie for Oak in Great Brit ain 
By F. C. Hummel and W. T. Waters. . 12. 4d. net. Forest Record 
No. 6: General Volume Table for Beech in Great Britain. By F. C. 
Howard and W. T. Waters. Pp. 12. 4d. net. Forest Record No. 8: 
General Volume Tables for Scots Pine in Great Britain. By F. C. 
Hummel, T. W. Irvine and J. Jeffers. Pp. 28. 9d. net. Forest Record 
No. 9: General Me i! for European Larch in = Britain. 
By F. C. Hummel, Irvine and Jeffers. Pp. Od. net. 
entea: H.M. Sedsene Office, 1950.) [3010 

Duck Adoption Scheme. Second Annual Report, 1949-50. Pp. 4. 
(London: International Wildfowl Inquiry Committee, c/o British 
Museum (Natural History), 1950.) (3110 

Sheffield City Libraries. Research wee (New Series). 
No. 58: Diecasting Machines. Pp. 3. 5 Injection Moulding 
Machines. Pp. 2. No. 60: High Temperature Thermo-electric Pyro- 
meters. Pp. 10. "(Sheffield : Central Library, 1949-1950). [3110 

The Educational Times: a Digest of Current Educational Litera- 
ture. (Published February, June and October.) Vol. 1, No. 1, one 
Pp. 32. (London: College of Preceptors, 1950.) 1s. 

International Association for the > Exchange of Studenta for Technical 
Experience. Third Annual Report. Pp. 36. (London: J. Newby, 
Secretary, [mperial College of vase and Technology, 1950.) {ill 

Hannah Dairy Research Institute. Report for the Three Years 
onees 3ist March 1950. Pp. 30+4 plates. (Kirkhill: ane 

airy Research Institute, 1950.) 

m o> of Labour and National Service : Technical and Scientife 
Register. Present and Future Supply and Demand for Persons with 
Professional Qualifications in Biology, Agriculture and related 
Sciences. Pp. 24. 6d. net. Present and Future Supply and Demand 
for Persons with Professional Qualifications in Chemical peiaceion. 
Pp. 24. 6d. net. (London: H.M. Stationery Office, 1950.) {il 

“Minkatry of Agriculture and Fisheries. Report on Animal Health 

0 


Services for the Year 1948, including Report cf Proceedings under 
the Diseases of Anim us Acts for 1948. Pp. iv+51. (London: H.M. 
Stationery Office, 1950.) 1s. 6d. net. (11 


Other Countries 


List of Scientific and Technical Journals published in Southeast 
Asia (Philippines, Indonesia, Malaya, Thailand, Indo-China). Pp. 
oa enh Unesco East Asia Science Cooperation i 
50. 3010 
Report on Federal Forest Administration in the Federation of Malaya 
for the Year 1949. By J. P. Edwards. Pp. 63+4 plates. (Kuala 
Lumpur: Government Printer, 1950.) 2 dollars; 48. Sd. [3010 
Proceedings of the United Nations Scientific Conference on the 
Conservation and Utilization of Resources, 17 August—tth September 
1949, Lake Success, New York. Vol. Lt: Plenary Meetings. Pp. 
Ixi+431. (Lake Success, N.Y.: United Nations; London: H.M. 
Stationery Office, 1950.) 4.50 dollars ; 32s. 6d. [3010 
Sugar Research Foundation, Inc. Technological Report Series > 
7: The Utilization of Sucrose. By Dr. Leslie F. Wiggins. Pp. § 
(New York: Sugar Research Foundation, Inc., 1950.) Free T3018 
Cawthron Institute. Annual Report, 1949-50. Pp. 46. Cawthron 
Lecture 1949: The Mineral ——- of Crops, with Special Reference 
- Fruit Crops. By Prof. T. C. Pp. 24+6 plates. (Nelson, 
N.Z.: Cawthron Institute, 1850.) 111 
New Zealand. Twenty-fourth Annual Report of the Department of 
Scientific and Industrial Research. Pp. 112. (Wellington: Govern- 
ment Printer, 1950.) 2. {111 
Monograph Series of the Research Institute of Applied Electricity. 
No. 1: Theory and Application of High Frequency Phenomena. 
kx 4 or Y. Asami. Pp. iv+68. (Sapporo: Hokkaido ae) 
sity, 1950) > 
Siuithsonian Miscellaneous Collections. Vol. 116, No. 2: Remains 
of Land Mammais from the Miocene of the Chesapeake Bay Region. 
By C. Lewis Gazin and R. Lee Collins. (Publication 40 4019.) Pp. ii+2!. 
(Washington, D.C.: Smithsonian Institution, 1950.) [211 
Fieldiana. Geology. Vol. 10, No. 10: A Middle Devonian Octacti- 
nellid Sponge from New York. By Eugene 8. Richardson, Jr. 
- 79-88. (Chicago: Chicago Natural History Museum, a 
25 cents. 2 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, 5S.W.1 


Effective in hot, cold or hard water. 
the presence of acids, electrolytes and substances 
that precipitate soap. 


FOR CLEANING 


‘LISSAPOL’ 


LIQUID DETERGENT FOR THE LABORATORY 


Stable in 


GLASS STONEWARE- PORCELAIN - ENAMEL 


PAINTWORK-METAL* FLOORS AND LINOLEUM 


For further information and literature please apply to 
your nearest I.C.J. Sales Office or to: 
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NEW AUTOMATIC BALANCES 


E are pleased to introduce new automatic balances 

for very rapid and accurate weighing. All weights 
from 0.1 to 99.9 grms. (which are of stainless steel) are 
operated from outside the case, enabling the complete 
weighing to be carried out easily and quickly with the 
case closed. 


Two Models are available: 
Model 95A with graticule 100-0-100 mg. in | mg. 
divisions 
Model 98A with graticule 0-100 mg. in 0.2 mg. 
divisions. 


Full specifications and details will gladly be sent on request 
J. W. TOWERS & CO. LTD. 


Complete Laboratory Furnishers 
WIDNES Tel.: Widnes 2201 (5 lines) 


Manchester: Liverpool: Stockton-on-Tees: 
44 Chapel Street, Salford, 3. 134 Brownlow Hi 28 Bridge Road. 
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CBAKER 
CONDO! 


Estab. 


Wide Field 
GREENOUGH 
BINOCULAR 
MICROSCOPE 


with built-in illum- 
ination and many 
other features. 


Fed directly off 
electric mains. 


Maximum _ focusing 
range for large ob- 
jects. 


Descriptive leaflet 
post free on applica- 
tion. 


C. BAKER a ctom LTD. 


244 HIGH HOLBORN, LONDON, W.C.! 
Phone: HOLborn 1427 & 4004 


Member of the Scientific Instrument Manuf. "A of Gt. Britain 














REFLECTING OBJECTIV 


PROV. PATENT 


The following objectives have been developed og 

designs of the Wheatstone Laboratory and Medical 

Research Council Biophysics Research Unit, # 
King’s College, London. 


Numerical 
No. length Aperture 
m.m. 


4039 13 “28 
4035 26 “65 
4038 35 “65 


Focal 


These objectives contain no lenses or correcting 
plates, having two reflecting surfaces only. 


They are completely achromatic and transmit all 
radiations from vacuum ultra-violet to long wave 
length infra-red. There Is no spherical aberration, 


They are specially suitable for all forms of micro @ 
spectrography. 

Full particulars will be sent on application. — 
R. & J. BECK LTD., 69 MORTIMER ST., LONDON, Wi 








11" deep x 10” diam. 


STANDARDISED 
DESIGN 


UP TO 120°C. 


SIMMERSTAT 
CONTROL 


ALL ALUMINIUM 


LOW PRICE 


%, J 


~ gd 


THE T. & M. VACUUM OVEN 





— For —** Gervice. to Geience 


TOWNSON & MERCER LTD., CROYDON, ENGLAND 














Printed in Great Britain by Fisuzr, Kwicut & Co.; Lrp., The Gains! 


at St. Martin’s Street, London, W.C.2, and Taz Mactan Co., 60 Fi 


Press, St. Albans, and pobtished by Macumian & Co., Liman, 
Avenue, New York 11, N.¥., U.S.A.—Saturday, March 10, 1961 





